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S' )-CALLED “open-end” Controlled 
Materials Plan (CMP) goes out 
of the picture as of October 1. This 
means that manufacturers such as 
producers of consumer durable goods 
who have been obtaining supplies of 
controlled materials (steel, aluminum, 
copper) on the “free” market, will 
have to submit their requirements to 
the appropriate agency of the Na- 
tional Production Authority and wait 
for allotments. 

A glance at the charts appearing 
below indicates that in the major 
areas of consumer products, the allot- 
ments, if not generous, will be reason- 
able. It is expected that in the fourth 
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Defense 


INDUSTRIAL HORIZON 


and New NPA Orders 


quarter of the year output of con- 
sumer durable goods will reach 60 to 
65 per cent of the 1950 level. which 
was an all-time high. 

Overall industrial output continues 
at full blast. It probably dipped sea- 
sonably during the summer months, 
but should bounce back—or even 
the high level established dur- 
ing the first part of the year. The 
steady rise in production of defense 
and defense-supporting industries is 
offsetting declines in_ strictly 
sumer goods. 

Underscoring the dynamic charac- 
ter of the electrical manufacturing 
field is the continuous rise in elec- 
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con- 


The Fourth-Quarter CMP Allotments of Steel, Aluminum and Copper 


These charts show allotments of these controlled materiils among defense, defense-supporting, civilian produc- 
tion and construction programs, as announced by the Defense Production Administration. Distribution is much 
the same as that for the third quarter. DPA Administrator Manly Fleischmann points out that within the “next 
12 months military hard goods deliveries are scheduled to rise from monthly rate of about $1 billion to about 
three times that amount. During the same period aircraft deliveries are to be tripled and the tank-automotive 
program increased to four times the present rate of deliveries.” Materials, too, are needed for expansion of pro- 
ductive capacity and basic resources. The allotments shown below to consumer durable goods and other civilian 
products indicate however that the DPA is doing its best to achieve a balance between the requirements of defense 
programs and nondefense production, in order to maintain a strong national economy. 
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tric power output. For the week end- 
ing August 4, for example, the total 
amount of electrical energy distrib- 
uted reached 7,003,209,000 kwh—a 
12.1 per cent gain over the equivalent 
period in 1950. 

According to a recent report by the 
Edison Electric Institute the total out- 
put in 1950 was 329 billion kwh, or 
13 per cent greater than the previous 
record established in 1949, 

Statistical round-up: Index of 
new machine-tool orders for June 
(NMTBA) is 567.0 against 483.0 in 
May. Ratio of unfilled orders to ship- 
ments is rising—20.8:1, against 


19.6:1. (See next page for new NPA 
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and Copper-Base Alloys 
Total allotments 
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The Mercury Automatic Clutch 


maken Ve Caaten for Electric Mé 


Life has been a lot easier during the last ten years for 
electric motors lucky enough to be equipped with Mer- 
cury Automatic Clutches. Take starting, for instance. 
During the starting period, when the direct coupling of 
the power to the load is the least effective and the torque 
requirements the greatest, the Mercury Automatic 
Clutch automatically brings the maximum torque of the 
motor to the driven load. Then, when the load is up to 
speed, it transmits power at 100% efficiency. Overloads 
cannot stall the power source or slow it down below its 
efficient speed. Even a smaller motor equipped with a 
Mercury Automatic Clutch can often do a bigger job 
than a motor not so equipped. If you build equipment 
or machines powered by electric motors (or gasoline 
engines) investigate the Mercury Automatic Clutch. Ask 
for Catalog EM-1. 


MERCURY CLUTCH DIVISION 


AUTOMATIC STEEL PRODUCTS, INC. 


CANTON 6, OHIO 

























action.) . . . AGMA June index for 
the gearing volume is up by 20.2 com- 
pared with May. Index stood at 800.9 
per cent of the 1935-39 average. 

Factory sales of standard-size 
household washers totalled 253,119 
units in June, only 0.32 per cent off 
from May, but 22.2 per cent off from 
June 1950. 

Sales of vacuum cleaners continued 
to dip, June sales accounting for 194.,- 
548 units, 3.7 per cent off from 201,- 


983 in May and 22.2 per cent below 
June 1950 sales. 

June output of TV sets were off to 
326,547 sets, against 339,132 in 
May; home radios sagged to 360,031 
sets against 604,904; but portables 
established a high for the year—228,- 
454 sets against 164,171... . Industry 
sources expect production of 50,000 
color TV sets this year. 

Subcontractor Opportunities: Navy 
Material Inspection Service has listed 


certain components in short supply 
required by Navy contracters to com- 
plete contracts now in process. The 
list is available for inspection at any 
one of the 80 offices of the Material 
Inspection Service, U. S. Navy. 


Seurces: American Gear Manufacturers Asso- 
ciation; American Home Laundry Manufacturers’ 
Association; National Machine Tool Builders’ 
Association; Radio-Television Manufacturers As- 
sociation; and Vacuum Cleaner Manufacturers 
Association. 


Checklist of New NPA Orders and Other Defense Production News 


Note: Complete copies of the orders noted 
here are obtainable without charge from the 
Office of Public Information, National Pro- 
duction Authority, U.S. Department of Com- 
merece, Washington 25, D.C. NPA also makes 
available (at an annual subscription of 
$2.50) its “Defense Production Record,” an 
official weekly summary of NPA orders and 


other defense production news. 


CMP Regulations: Complete 
controls go into effect on Oct. 1. 
preceding page for graphs.) 


regulation have been issued. 


Cadmium: Conservation order M-19 
as amended allows increased use in wide 
range of military and civilian products. 
Reason: inventories have been backing 
up pending placement of larger volume 


defense orders. 


Chemicals: M-32 amended adds three 
items to chemicals placed under con- 
trol: two pigments (chrome yellow and 
and phenol-formalde- 
hyde resins, both with and without filler. 
Ceiling for acceptance of rated orders 
for phenolics by producers is 45 per 


chrome orange) 


cent (by weight) of resins 


time for deliveries for both is 15 days. 


CMP 
(See 
Various 
amendments and directions to original 


without 
filler; 35 per cent if with filler. Lead- 


Communications Industry: New order 
M-77 provides the communications in- 
dustry (telephone, radio, telegraph and 


cable) with priorities 
maintenance and expansion. 


Construction: M-4A replaces 


and services. 


Consumer Durable 


Goods: 


Electrical Manufacturing 


coming issues @ A survey of Metallic Rectifiers for designed-in use @ Development 
and appearance design story behind the new Schick Shaver e Selected case histories of 
Large Plastics Parts @ Causes of Radio Frequency Interference and how to prevent 
it @ Silicone Rubber Tape properties and applications. 


assistance for 


basic 
order M-4, invokes tighter regulation 
and further limits use of building con- 
struction to conserve critical materials 


M-47A 
amended permits greater flexibility and 
latitude in the use of iron and steel, 


but makes no change in total quantities 
allowed users during the quarter now 
ending. 

Copper: Amended M-16 places all 
copper and raw materials under alloca- 
tion. This covers refined copper, brass 
mill scrap, copper-base alloy scrap, etc. 

Defense Production Pools: Sixteen- 
page booklet, “Pooling Production for 
Defense,” gives simplified information 
of the steps required for a group of 
businessmen to organize themselves into 
a pooled production unit to undertake 
defense contracts and_ subcontracts. 
Department of Com- 
merce field offices and from the Distri- 
bution Section, Printing Services Divi- 
sion, Department of Commerce, Wash- 
ington 25, D. C. 

Electric Utilities: Amended M-50 
places all electric utilities under CMP, 
requires authorization from the Defense 
Electric Power Administration to com- 


Available from 


mence construction of major plant addi- 
tions or to use controlled materials for 
them. 

Iron and Steel: Amend. No. 1 to M-1 
revises required acceptance percentages 
for DO orders also leadtimes for certain 
products. Dir. to M-6 sets up required 
percentages for shipments of alloy or 
stainless steel from producers to distrib- 
utor customers. These percentages are 
based on shipments during the base 
period, Jan. 1, 1950 through Sept. 30, 
1950, and range from 85 to 100 per cent. 

Lead: M-76 places available supplies 
of soft pig lead under allocations; sets 
up limitations on acceptance of rated 
orders for pig-lead products and alloys. 

Machine Tools: Defense Mobilization 


Director Charles E. Wilson ordered the 
six mobilization agencies to take effec- 
tive steps to break the critical produc- 
tion bottleneck. Here are the steps to be 
taken: (1) Modify price controls. (2) 


Procure adequate facilities, materials 
and components. (3) Provide for easier 
financing. (4) Pool orders and encour- 
age subcontracting to assist the small 
machine tool manufacturer. (5) 
come manpower shortages. 


Over- 


The machine tool industry is now 
operating at an annual rate of only $675 
million; by the end of 1952 production 
at the rate of $2.9 billion will be re- 
quired. In a later action, a definite man- 
power program for the industry was 
formulated. 

Phenolic Resins: See under Chem- 
icals, 

Rubber: M-2 amended as to allowable 
consumption and restrictions. 

Certificates of Necessity: Rapid tax 
write-off as of Aug. 3 has been author- 
ized for a total of 3,007 new or expanded 
defense production facilities.’ Total 
amount of certification is now $8.7 bil- 
lion of which approximately 70 per cent 


has been allowed for rapid amortization. 


NPA PUBLICATIONS: Current re- 
ports of interest: “Meeting Defense 
Goals,” a 48-page quarterly report 
to the President by Defense Mobiliza- 
tion Director, Charles E. Wilson; 
“Questions and Answers on the Con- 
trolled Materials Plan,” a 28-page 
guide to CMP; “List of Basic Materials 
and Alternates,” a 4-page summary of 
“very short,” “tight” and “fair supply” 
materials. 


Among the feature articles to appear in 
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EDITORIAL 


HAT is your “M.Q.”? What is 
your “materials quotient,” if 


you'll allow us to set up this new term 
as an evaluation of a design engineer's 
alertness and forward-thinking? 

Do you approach materials as if they 
were static entities, capable only of tidy 
separation into rigid classifications? Do 
you still fix them in your mind in neat 
little groups, such as “plastics,” “non- 
ferrous metals,’ “ferrous metals,’ “nat- 
ural materials,” “synthetics,” and so on, 
and surround each group with inherited 
limitations and prohibitions? 

Or have you learned that—product 
design-wise—materials are indivisible? 
That those in the profession of product 
design and engineering can no longer 
afford to define and segregate materials 
by arbitrary classifications and labels, but 
have got to learn to understand them by 
function? That there are no closed doors 
to the possible uses of any material? 

The dynamic logic of progress during 
the past decade proves this. The work of 
the metallurgist, physical chemist, di- 
electric specialist, lubrication chemist, phy- 
sicist, varnish formulator, mycologist, cer- 
amic chemist, and of the mechanical, 
electrical, electromechanical, electronic and 
materials engineers, has swiftly grown 
into a continuously expanding body of 
knowledge in materials. This knowledge 
is multidimensional; it enters into every 
phase of design requirements. You can- 


























Design-Wise, Materials are Indivisible 


not, for example, cling to an outmoded 
classification of, say, plastics, or synthe- 
tic resins, when under this classification 
will fall not only rigid molded parts as 
we commonly know them, but also lubri- 
cants for motor bearings, special lamin- 
ates combining organic and inorganic ma- 
terials, composite insulation structures, 
sandwich constructions involving metal 
cladding, metallized plastics, heat-transfer 
fluids, liquid dielectrics, organic finishes, 
conductive plastics, molded refrigerator 
shells, embedded circuit elements, and 
other examples. And a similar analysis can 
be made of other classes of materials. 

The product design engineer who un- 
derstands and accepts the concept that 
materials—design-wise—are _ indivisible 
has at his disposal an almost limitless 
flexibility of approach, of selectivity, to 
the solution of his problems. This does 
not mean that the solution is always pat 
and simple. He has to operate within the 
framework of economic factors; he has 
to compromise design objectives with 
still-existent materials limitations. But the 
engineer with a reasonably high “M.Q.” 
doesn’t presume to rule out any material 
on a snap judgment, or because of tra- 
dition. The materials available at present 
—or in process of being developed—are 
not only his tools of today. They also 
become his design tools of tomorrow if 
the facts he reads about them are stored 
in his mind or in his reference files. 





































Stal, Report 


VUCLEONIC 
Instruments 


This new and rap- 
idly growing field 
introduces a variety of special design require- 
ments. While drawing heavily on past electrical 







and electronic developments, some essential parts 
have never been required on a production scale. 


T NO longer appears as far-fetched as it once did 
to talk about nuclear fission, radioactive tracers 
and atomic energy as harbingers of a “new era.” 

In fact, it seems quite certain that nuclear energy will 
usher in a new industrial revolution—perhaps as sig- 
nificant as that brought by Watt’s steam engine, or 
Faraday’s electric motor or Fleming’s electronic tube. 

In the words of one of the pioneers in this field, 
“A whole new technology—and indeed a new industry 
is flowing from this rapidly expanding field of science.” 


Decimal scaling unit (left) made by Berkeley is a direct-reading electronic counter operating 
at speeds up to 30,000 per sec and counting pulses separated by as little as 5 microsec. Each 
of these plug-in units consists of four “flip-flop” stages in sequence. 


Portable Beckman radiation alarm (right), an accumulator-type warning instrument which 
sounds an alarm when a preset total of gamma radiation is reached. Designed for personal 
use, with self-contained battery power. Hermetically sealed ionization chamber (at bottom) 
contains the electrometer tube and polystyrene capacitor. 


This author* recognizes four broad phases of develop- 

ment: 

1. Special materials and equipment with general indus- 
trial use in connection with research in atomic science. 

2. Production of heat and electric power. 

3. Use of atomic radiation to induce chemical and 
physical change in materials. 

4. Application of special radioactive and stable forms 





*“TIsotopes and Their Application in the Field of Industrial Materials” 
by P C. Aebersold, ASTM Proceedings, 1948 
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Representative instruments devel- 
oped to meet special requirements 
in the field of nuclear radiation 


A—portable Geiger counter made by Detectron for geological prospecting. 
B—Industrial count-rate meter and Geiger counter built by RCA. C—Re- 
cording electrometer developed by Brown Instruments responds to ioniza- 
tion currents of only a billionth of a microamp. D—Nuclear flux meter 


designed by Varian for measurement and stabilization of magnetic fields. 


of elements, or isotopes for tracing atoms. 

Control of nuclear energy for a constructive indus- 
trial process first requires measurement, and it is nat- 
ural therefore that commercial development has shown 
the greatest growth in the field of instrumentation. 
Some of these measurement problems have been chal- 
lenges; first, in finding a way to do it at all, and then 
in reducing the experimentally successful method to 
production. 

Each era has, of course, brought its own problems 
im measurement. In the mechanical field, practical de- 
velopment of new ideas had to wait at times on better 
instruments for measuring and controlling force, dis- 
placement, speed and temperature. Growth of the elec- 
trical industry called for new instruments for measuring 
voltage, current, power and magnetic fields. And useful 
electronic developments have likewise brought their 
special measuring problems involving higher speed of 
response, reduced power input and the much lower 
ranges of current associated with electromagnetic radia- 
tion. The underlying measuring problem in the new 
held of atomic energy is the measurement of nuclear 
radiation or radioactivity. 

The term radiation as used in nuclear instrumenta- 
tion covers a broad range of phenomena. Since this 
deals with the zone where matter and energy are con- 
verted from one into the other, many established engi- 
neering concepts and definitions fail to apply. There 
are, for example, the types of radiation produced by 
particle accelerators such as synchrotrons, cyclotrons 
and betatrons. Radiation from these sources include 
neutrons, deutrons, protons, and X-rays. Radioactive 
materials produce three distinctive types of radiation 
designated alpha, beta and gamma. Cosmic rays are 
similar in many respects but come from a source out- 
side our environment. A common characteristic of all 
such radiation is that it appears as particles or streams 
of particles, 

General fields of use for nuclear instruments include: 
Control of neutron flux in atomic reactors, betatrons, 
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X-ray machines or other producers of radiation; health 
and safety of personnel working in the presence of 
radiation ; detection at a distance with sensitivities to a 
few parts in a billion (isotopes as tracer elements) ; 
measurement of thickness as a function of absorption 
of a standardized beam, or picturing the internal struc- 
ture of materials opaque to light using isotope radiation 
instead of X-rays ; ionization of air to dissipate electro- 
static charges: analysis or separation of isotopes (forms 
of the same element with differing atomic weight). 

Nuclear radiation in passing through matter ionizes 
some of the atoms, producing electrically charged atoms 
called ions. It is these ions rather than the rays them- 
selves that are usually detected or measured. Instru- 
ments most often used to measure radiation are the 
electroscope, Geiger counter, scintillation counter, ion- 
ization chamber, and proportional counter. 

In the electroscope, ions produced by radiation dissi- 
pate an electric charge originally placed on a capacitor ; 
measurement of the capacitor charge must therefore be 
made in such a way that the charge is not disturbed by 
the measuring operation. Exceptionally high leakage 
resistance is an obvious requirement for the dielectric, 
and the charge periodically placed on the capacity must 
be a standardized value. 

Geiger counters produce a short-interval avalanche of 
secondary ions when a ray is intercepted. The pulse is 
only of microsecond duration, and extremely fast re- 
sponse is essential to separate pulses that almost coin- 
cide. Response required in the counting operation is 
obviously far beyond the capacity of mechanical 
counters. 

In scintillation counters radiation striking a phosphor 
coating or crystal produces a light flash which is detected 
by a photomultiplier tube. Output of the tube is ampli- 
fied and fed to the same type of scaler or high-speed 
counter used with the Geiger tube. 

Operation of the ionization chamber is also based on 
the collection of ions, but responds to the total number 
of primary ions. In contrast with the electroscope, a 
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Gravity-powered monitor for gam- 
mo radiation. July 1951, page 122. 
General Electric Co 


Selective-height linear pulse amplifier 


: } Portable gamma 
for scaling units. May 1951, page 92. 


Portable Geiger counter for both beta and 
gamma radiation. February 1949, page 107. 
El-Tronics, 


radiation meter for 


} field survey use. April 1948, page 108. 
Nuclear Instrument and Chemical Corp The Victoreen Instrument Company 


Measures completion of a preset X-ray or 
radiation dosage. August 1950, page 95. 
Inc The Victoreen Instrument Company 


Double-pulse generator for testing scaling 
units and counters. April 1951, page 111. 
Berkeley Scientific Company 


Through brief descriptions of each of these instruments (most of them in “Today’s 
Product Designs’’) new developments and new ideas in nucleonic instruments have been 


power supply and electronic circuits are required but 
automatic control and recording functions are readily 
obtained. 

Proportional counters ordinarily are used for meas- 
uring slow neutron radiation in reactor installations or 
particle accelerators. A steel counter tube has an inner 
coating of boron which absorbs slow neutrons and 
breaks down into alpha particles which ionize and can 
be counted. Recent developments have extended the use 
of proportional counters for the measurement of beta 
radiation with increases in resolution, counting rate and 
sensitivity. 

By proper design, most of these instruments may be 
made selective to particular types of radiation as well as 
to the energy level of radiation and its direction. Shields 
are made of materials having high absorption charac- 
teristics for the type of radiation to be excluded; win- 
dows use materials with low absorption for the radiation 
being measured. 

Other basic types of instruments involved in this field 
of nuclear energy include the mass spectrometer for sep- 
arating atoms and molecules by weight. This is accom- 
plished by passing an ionized gaseous sample at low 
pressure past a 60-deg bend in a strong magnetic field 
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which deflects the individual molecules varying amounts 
dependent on their mass. Isotopes of the same element 
are separated. 

Because of the extensive use of low pressure equip- 
ment employed, special forms of leak detectors are 
needed. Portability and sensitivity to extremely small 
leaks are major requirements affecting design. Other 
similar problems involve the rapid, continuous and re- 
corded measurement of low pressures combined with 
control equipment for automatically maintaining the 
desired pressure level. 

At the other end of the size scale are small electro- 
meters in various forms, often about the size of a foun- 
tain pen, designed to protect personnel from excessive 
radiation. The structure usually incorporates a string 
electrometer and a small ionization chamber. An 
auxiliary stand includes an optical system for reading a 
scale within the instrument, and a regulated voltage 
supply for recharging the capacitor. 

A closely related field, which will not be discussed in 
detail, includes remote handling equipment for safety to 
personnel using “hot” materials, sometimes in combina- 
tion with closed-circuit television equipment. Automatic 
sample changers in combination with radiation record- 
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Count-rate instrument for clinical use with 
radioactive tracers. May 1951, page 92. 
Nuclear Instrument and Chemical Corp. 


Thickness gage using an isotope as a source 
of radiation. November 1949, page 184. 
Tracerlab, Inc. 


Monitor for persons working with radio- 
active materials. March 1951, page 93. 
The Austin Company 


Another monitor to check hands and feet 
for contamination. April 1950, page 104. 
RCA Victor Div. Radio Corporation of America 


Pocket-size monitor for gamma ra- 
diation. August 1951, page 104. 
Tracerlab, Inc. 


presented from time to time. Here are some of the new instruments to which attention 
has been directed recently; more complete information will be found in the reference. 


ing instruments may be employed where a large number 
of samples are involved and a permanent record is 
desired. 

Characteristics of radiation and the methods required 
to detect and measure it have brought quite a number of 
special problems. For example, Geiger counters require 
a stabilized high-voltage power supply and electronic 
amplifiers with fast response. Geiger counter tubes com- 
monly are made of glass with the inside coated, but are 
also available with metal shells and plug-in connections. 

Battery power is required for portable units, which 
presents a problem since operating voltages on the tubes 
are around 900 volts d-c or higher. Vibrator power 
packs are used in many of the portable units, delivering 
regulated and filtered 900-volt d-c outputs from 3-volt 
batteries. Power output required is only a few watts. 

Portable Geiger counters have brought earphones 
back into use as means of indicating radioactivity. Some 
portables also provide a neon lamp to indicate pulses. 
Multiple ranges and an indicating rate meter are added 
for more elaborate portable and laboratory instruments. 
For such portable equipment used in the field, water- 
tight cases, hermetic subassemblies, fungicidal treat- 
ments, and miniaturization techniques common to the 
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general electronic field are employed. 

Nonportable instruments for the most part operate 
from a-c lines, with regulated-voltage power supply for 
the ionization chambers as well as the electronic ampli- 
fier. Ranges of sensitivity and intensity are wider and 
accuracy is usually higher. Output is generally into an 
indicating rate meter of good accuracy or an electronic 
counter ; a speaker is often added for aural monitoring. 

Scintillation counters have much higher sensitivity for 
gamma radiation than Geiger tubes. Photomultiplier 
tubes pick up tiny flashes of light from crystals; these 
signals are then amplified and fed to counters, rate 
meters or recorders. A 10-stage photomultiplier tube 
developed specifically for scintillation counting has a 
maximum spectral response to blue-rich light and negli- 
gible sensitivity to infra-red radiation. Each stage is 
electrostatically focused ; with 90 volts per stage, or 900 
volts total, currents are multiplied about a million times. 
Frequency response is flat up to limits imposed by tran- 
sit time and capacitance. 

Noise generated within the tube is also amplified and 
coincidence circuits may be employed for increased sen- 
sitivity at minimum levels of radiation. Such equipment 

(Continued on page 256) 
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Applying magnetic amphitiers-lV 


An example is worked out using approximate formulas for calcu- 
lating operating voltage, output current at saturation, time con- 
stant and control ampere-turns. Effects of rectifier quality and 
core materials are evaluated in this concluding part of series. 


SHE MODE of operation of the self-saturating 
magnetic amplifier results in waveforms very 
much resembling those encountered in simple sat- 

urable reactors, but the reasoning is somewhat different 
because of the feedback effect. In order to appreciate 
the operation of the self-saturating circuit, consider the 
half-wave circuit of Fig. 38, E. 

The supply voltage is Ey sin 6 and the load voltage is 
/:,. A half-wave rectifier is connected in series with the 
output winding and the load, while d-c control current 
is established through impedance 7. To begin with, as- 
sume the supply voltage is just starting a forward alter- 
nation, that, is 6 is zero. Assume that the reactor flux is 
such that the condition in the core is defined by the point 
Q on the upper branch of the hysteresis loop ( Fig. 38, 
!)), The reactor then is unsaturated and presents a high 


Line voltage 


Control 


Reactor 
* flux 


impedance in the circuit. As @ increases and the supply 
voltage increases, the reactor ‘‘absorbs” the voltage and 
the reactor flux 9 increases according to cos 6 until the 
flux reaches the saturation point, gar. Beyond this 
value, the reactor flux cannot change to a higher value 
and the reactor cannot “absorb” voltage, so that the re- 
mainder of the half-cycle of voltage appears on the load. 
Thus “‘firing’’, similar to that of a grid-controlled recti- 
A. When 
6 = x the supply voltage starts a negative alternation. 
The reactor discharges the volt-seconds or flux linkages 
which it acquired on the positive alternation of voltage, 
until the flux returns to point O. The reactor then “fires” 
at a, + and the supply voltage appears on the rectifier. 
Since the negative reactor volt-seconds equal the posi- 
tive reactor volt-seconds, the rectifier average reverse 


her, takes place at the angle a,, as shown at 


Fig. 38 (Left) Ideal waveforms in the half-wave self-saturating magnetic amplifier circuit for three different values of 
control ampere-turns. Fig. 40—Oscillograms of hysteresis loop, supply voltage and load voltage for half-wave self-saturating 
magnetic amplifiers. 
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voltage equals the average load voltage. 


The assumption that the initial reactor core conditon 
was defined by the point 0 on the upper branch of the 
hysteresis loop can now be seen to be true. When the 
reactor “fires” the magnetizing force is large, and the 
operating point moves far out on the right upper of the 
hysteresis loop. When the reactor discharges its stored 
flux-linkages, the operating point then returns along the 
upper branch of the hysteresis loop to point 0. 


If positive control am- 
pere-turns are placed on the 
core by another winding, so 
that at the start of the posi- 
tive alternation of supply 
voltage, ®, is no longer at 
point 0, but at point 1, the 
reactor will not be able to 
absorb as many flux-link- 
ages and will consequently 
“fire” earlier in the half- 
cycle (angle a,) and there- 
fore give a higher average 
load voltage. If, on the other 
hand, negative control am- 
pere-turns are placed on the 
core, so that 9, is located at 
point 2 on Fig. 38 D, the 
reactor is capable of absorb- 
ing more flux-linkages and 
will fire later in the half- 
cycle, giving a lower av- 
erage load voltage. 

The total flux-linkage 
change in the reactor, and 
therefore the volt-second 
integral for the reactor, is 
defined by the expression 
Ny (gar —®,). Since the 
load volt-seconds (average 
value) is the difference be- 
tween the supply volt-sec- 
onds and the reactor volt- 
seconds, it depends inversely 
on (9g,7 —®,,). If the flux 
change is larger, the average 
load voltage is smaller; if 
the flux change is smaller, 
the average is larger. 
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Fig. 39—Formulas for ideal 
characteristics of self-saturat- 


ing magnetic amplifiers. 


Circuit 
Control ampere -turns 


Control current 

Contro! voltage 
Control power 

Time constant, seconds 
Time constant, seconds 
Voltage gain 

Current gain 


Power gain 


Maximum (rectified ) 
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Maximum output current 


Time constant factor 
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It can be seen from the foregoing that the relation 
between 9, and the average load voltage is linear, but 
the relation between control ampere-turns (N. J.) and 
the average load current is non-linear because of the 
shape of the back flank of the hysteresis loop. The control 
characteristic therefore reflects the shape of the upper 
branch of the hysteresis loop of the core material. There 
are no demagnetizing ampere-turns as in the case of 
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Circuit 
Item 
1. Conversion factor, K, 
2 Internal resistance, R 
5 RMS Reactor current/Total load current 
4. Residual delay, cycles C2 of the supply frequency 


Time constant factor Ke 





the simple reactor, since reverse current is prevented 
from flowing by the rectifier. Therefore, to control the 
firing point of the amplifier, and hence the average load 
voltage, it is only necessary to supply enough ampere- 
turns with the control winding to magnetize the core 
along the back flank of the hysteresis loop. 

Any reverse current in the rectifier during the non- 
conducting half-cycle, acts as demagnetizing ampere- 
turns, making it necessary for the control winding to 
furnish enough magnetomotive force to overcome these 
ampere-turns as well as to saturate the core. 

Although the half-wave circuit described here is not 
practical because of the induced fundamental voltage 
in the control winding, the mode of operation is the 
same for all circuits, which are merely built up of a 
number of half-wave circuits. 

The saturated reactance drop can now be seen to be 
proportional to the difference between the true satura- 
tion flux density and actual working “saturation” flux 
density. 

The saturated reactance drop is caused by the flux- 
linkage change N®, shown at D, and results in a re- 
duction of saturation output just as in simple reactors. 
This is shown in items 11 and 12 in Fig. 39. Hence it 
can be seen that core material with a “square’’ hyster- 
esis loop would have no saturated reactance drop and 
higher output at saturation. 

Fig. 40 presents oscillograms of the load voltage and 
the operating hysteresis loops for several values of 9, 
for a reactor with a hysteresis loop which approaches the 
ideal “square” shape. Note that the angle of “firing” 
moves closer to the zero of the input voltage as 9, is 
increased. Reading from left to right, the control am- 
pere-turns are made less negative and more positive, 
thus allowing the point ®, to move up the hysteresis 
loop. This in turn causes the reactor to “fire” earlier in 
the cycle and increases the load voltage. 
















Table V—Core Material Constants for Self- 
Saturating Magnetic Amplifiers 


| Saturated reactance 
By/kilolines/in.? | drop as a percent of 
| total voltage (1X) 


Material 





80% Nickel alloy | 32-38 0.10-0.15 
50% Nickel alley 55-61 0.15-0.20 
Grain-oriented 

silicon 90-110 0.10-0.15 
Grain-oriented 

50% nickel alloy 90-110 0-0.05 


Table IV—Circuit Constants for Self-Saturating Magnetic Amplifiers 


Doubler Full-wave Single-phase | Three-phase 
bridge bridge 
1.0 | 0.85 0.8 = | 1.15 
Rac Rac Rac | 1.5 Rac 
0.7 0.8-0.9 0. 8-0.9 0. 48-0.58 
1.0 0.4 0.4 0.6 
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Sased on analysis of the mode of operation described 
above, the ideal performance of self-saturating magnetic 
amplifiers can be described by relatively simple formulas. 
These formulas are similar to those previously presented 
for other types of reactors and are given in tabular form 
in Fig. 39 for the single- and three-phase bridge circuits. 


Self-Saturating Formulas 


The designer of control equipment who wishes to 
become familiar with magnetic amplifiers in order to 
apply them intelligently can make useful approximations 
of their performance more simply than by using all for- 
mulas given in the table of Fig. 39. The four formulas 
given below are sufficient for this purpose when used in 
conjunction with Tables IV, V and VI. These formulas 
and tables are not exact to better than about 15 per 
cent because some of the accuracy which might be de- 
sired by a magnetic amplifier specialist has been sacri- 
ficed in order to promote simplicity and cite specific 
values and averages. The necessary constants can be 
arbitrarily divided into three categories; those which 
depend on circuitry (Table I\), those which depend 
on material (Table V), and those which depend on ma- 
terial and material thickness (Table VI). 


1. OPERATING VOLTAGE: The a-c supply voltage 
at which a self-saturating magnetic amplifier will 
operate may be determined from the formula: 


E = 4,44 Nif B. Asx 10-8 +- V rece 


E  —a-crms operating voltage 

Ni — Number of output winding turns 

f — Frequency of a-c supply, cps 

Bn — Operating flux density (depends on material, 
see Table V) 

A. — Net cross-section of the core, sq in. 


V,ecc— Intercept voltage of the saturating rectifier in 
series with N;, and the load, approximately 
0.5 volts per cejl for selenium, 0.3 volts for 
copper-oxide, 1 volt for germanium. 






2. OUTPUT CURRENT AT SATURATION: 
ky E (1 o IX) = Veect 


L= —— 

R+ Ri 

I,, = —Maximum load current at saturation 

Vrect —Full-load rectifier drop; approximately 1.2 “volts 
per cell for selenium, 0.6 volt for copper oxide, 2.0 
volts for germanium 


Ry  —Load resistance 

IX —Saturated reactance drop—per unit (per cent/100) 

R —A function of reactor output winding resistance, see 
Table IV 


ky —Conversion Factor—See Table IV 
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3. TIME CONSTANT: 


1 ki (1 —IX)  (N,)? 





; +- C2 cycles, 63% re- 
N-. I, (slope) R. sponse 


ko—Time constant factor, see Table IV 
NI. (slope)—Slope ampere-turns—See for- 


mula 4, 
( N.)? 
— —Total turns squared per ohm for all 
Re of the control windings in parallel 


C2 — Residual delay—see Table IV 
k, — Conversion factor—see Table IV 


4. CONTROL AMPERE-TURNS: 


NeIe = NI/ in. x Le 
NI/ in.—Ampere-turns per inch for control 
see Table VI 
Le — Mean length of flux path in core, in. 

Before discussing the practical limitations of the 
formulas, an example will be worked out from data on 
a typical self-saturating magnetic amplifier given on 
the facing page. The calculated values will then be com- 
pared to measured values, given as rating information. 

Calculating the operating voltage: 

E = 4.44 x 1690 x 60 x 58,000 x 0.41 x 10-8 4 
116 rms volts 


The rated operating voltage is 115 volts. 
Calculating the output current at saturation: 


0.85 x 115 (1-0.175) —18 x 1.2 
I, = - = 0.335 amp 


18x 0.5 


36 + 140 
The saturated output current is shown in the chart 
as 0.35 amp. 


Calculating the time constant with 60 ohms external 
resistance in series with the control winding, using 0.29 
AT/in. for the slope from Table VI: 


1 0.85 (—0.175) 115 (100)? 


T = —_—_——-__— 


+ 0.4 


2x 1690 0.29 x 6.4 * 60-+7 


2.3 cycles, 63 percent of total response 


Conditions 








Item gapless 


0.006 in. 


Rectifier | Frequency 
Type* ces 






































iC ee a ee mu CT LTE 





80% Nickel alloy| 50% Nickel alloy) 50% Nickel alloy 


| 
| 


From the response time curve (charted on following 
page), for ohms-per-turn squared of 67/100? or 0.0067, 


T = 2.4 cycles, 63 percent of total response 
Calculating the control ampere-turns required for 


full control using 0.46 AT/in. from Table VI for 
selenium rectifiers and 60 cps: 


N. Ie = 0.46 x 6.4 = 2.9 amp-turns 
From the rating data: VN. J- = 3 amp-turns 


Thus it can be seen from the correlation of the cal- 
culated and measured values that the formulas give 
usable results. 





Limitations of Formulas 


The formula for operating voltage is derived from 
the well-known transformer formula by addition of a 
term (Vrect) to account for the intercept voltage of the 
selenium rectifiers. An examination of the formula for 
saturation output current will show that the numerator 
is the net voltage on the reactor and load in series. The 
term k, depends on the circuitry involved and not on 
core material. The term (1 — /X) accounts for the 
saturated reactance drop. The term (R + Ky) repre- 
sents the total resistance in the circuit with the excep- 
tion of the rectifier drop, handled here as a voltage 
rather than a resistance. FX is a function of the output 
winding resistance, and depends on circuit configuration. 
The actual ratio of rms a-c output current to average 
d-c output current depends on how far into saturation 
the core operates. This form factor varies from 1.1 to 
1.4 at the operating flux densities and control ampere- 
turns. The per cent ripple in the output varies with 
movement of the “firing” point to different parts of 
the conducting half-cycle. The relative magnitude of 
the ripple for the same core material is set, basically, 
by the fundamental rectifier circuitry employed. 

The formula for time constant is based on the static 


Cold-rolled silicon grain-oriented 






gapless 
0.006 in. 


grain-oriented 
gapless 0.002 in! 


gapless 
0.006 in. | 






Butt 


0.014 in. 0.001 in. 0.014 in. 









































the control characteristic applies over the full range 
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(€) H_.- Static - Coercive force of the magnetic material as determined by the width of the hysteresis loop 


ull Al7in. (a) Se (4) 60 0.17 0.46 0.6 1.2 24 | 32 | 45-90 | 
ul At7jn. | Se | 400 [| O31 0.68 1.1 - Ms ee 
—\——Fulr Avin. Ge) 60 0.12 029 | is Lo, a 2 oe = 
A+ ———~Slope AT/in.ib) SCS —iloes”)hlUldlc lCc!hUrFlhUCl [| o7 | 15 | 20 3.0-7.0 
5 | “Slope AT/in. "| —_ | —— | 0.22 0.50 0.90 ae ae ae 
6 | Slope Alvin. | Ge | 00 | 0.0/2 ~ 0.16 | = Pah ne ee ead 
rr Slope AT/in. TVirgnt| 60 £0.06 | £40.16 | — 04 | o7 | O9 | 15-35 
S| Ain. 1H, Staticey ———«~«| ~=~C«i 014 | 03 0.35 | 06 | 09 a 
9 7 Slope AT/in. | | | 
Full AT/in. Se 60 0.69 0.62 _ 0.75 0.63 | 063 | 0.63_ 0.75 
10 | Full At/in. | o& .| <0 | =O |. on...) om 0.74 | 074 | O76) — 
ll | fullAt/n. | Ge | 60 | 060 ~ 0.55 oo | 056 | 056 | 056 0.65 
2 Full AT/in. Ge | 400 | = | ene = 0.67 0.67 0.67 - 
13 Full AT/in. (Average) 0.67 a - 0.65 | 0.65 0.65 0.70 
14-7 Full At/in. 400 cps. 7 | ; | - 
Full AT/in. 60 cps Se 1.8 1.5 18 | en BE es 
157 Slope AT/in. 400 cps. | ote cus ace | ie er 
' | Slope AT/in. 60 cps o Se | 7 18 i 17 sD” a ee ee oe 
16 AT/in. 400 cps 
AT/in. 60 cps | Average 1.9 ie ae | | | | 
(a) Full AT/in. - Control ampere-turns per inch of mean magnetic flux path in the core (d) Se - Selenium Rectifier 
(b) Slope AT/in. - Full control ampere-turns per inch assuming that the maximum slope of (e) Ge - Germanium Rectifier 


(f) Virgin . Without rectifier leakage. Experimentally determined 
using thermionic rectifiers 





















































































































































































































Rating and Application Data for “Educational” Self-Saturating Magnetic Amplifier 


Rectifier 
(2 cells) 


Rectifier 
(6 cells per leg) 
a 


A-C supply 
1/5 volts, 
60 CDs 


Rectifier 
(12 cells) 


Connection diagram for “educational” 


D-c bias 


Reactors 


aks Load ro tance 
Lenny 


v 








+| 
Control, d-c ampere-turns 


amplifier, showing both a-c and d-c control 


windings. Calculated control characteristic for d-c control of amplifier shown at right. 
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+2 
Control d-c ampere - turns 


Effect of line voltage 
variations on single-phase 
bridge circuit 


Circuit: 
Saturable Reactor: 


Single-phase bridge, 
Core: 
Cross-section of core: 
Windings: Output windings (each) 
Control winding: 
Rectifier: 
6 in complementary. 
Rating Data: 
Supply voltage 
Supply frequency 
Load resistance 


60 cps 
- 140 ohms 


Output current 
Application Data: 
Control Windings 
(a) 
(b) 
(c) 


- 0.35 amp d-c 























200 300 





400 


D-c output currenr, milliamperes 


Output characteristic of educational magnetic amplifier with d-c control 


Square gapless laminations: 
0.41 sq in., 


100 turns, 7 
18 selenium cells in series per side; 


115 volts rms, 1 phase 


shown above. 


0.006 in. thick: 
mean length of flux path in core 6.4 in. 
1690 turns, 36 ohms, 20 C 

7 20 C 
12 


50 per cent nickel alloy, 


ohms, 


cells in saturating branch, 


17 
— 35 C 
- (a) 0.40 amp 
(b) 0.15 amp 
(c) 0.30 amp 


Volt-ampere output 

Ambient temperature 

Control winding 
rated currents 


Ohms (20 C) 
3 
2 





, cycles (60~ basis) 








Response time 

















0 
0.002 0005 600i = (0.02 0.05 0.1 


Relative corttrol circuit resistance, ohms / turns 


, 115-volt rms supply and zero bias current. 


Response time vs relative d-c control circuit resistance for educational amplifier. 
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gain and makes use of the basic L/F ratio for time delay 
in an inductive circuit. For a discussion of the deriva- 
tion of this formula, the reader is referred to the pre- 
vious sections of this series which discuss simple 
saturable reactors. The term Cy represents residual 
delay in the amplifier and must be added to the time 
delay caused by the inductance of the control circuits. 
The formula for control ampere-turns calculates total 
ampere-turns for control as a function of the mean 
length of magnetic path and the ampere-turns per inch 
for control under the specified conditions and with the 
designated core material. 


Reasonable quality control in the manufacture of 


the magnetic amplifier is implicitly assumed as a basis 
values given in the formulas and table 


for the s. Manu- 
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Fig. 42 (Left)—Power output vs total weight of 60-cycle 

standard self-saturating magnetic amplifiers. Fig. 43 

(Right)—Comparison of power output vs reactor weight 
at 60 cps and 400 eps. 
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Fig. 41—Power gain per cycle 
for self-saturating magnetic 
amplifiers with several core 
materials, single and_ three- 
phase bridge circuits with d-c 
output, 60-cycle supply. To 
obtain power gain per second, 
multiple ordinate by 60. 





Butt-jointed grain - 
oriented silicor: stee/ 


500 1000 2000 5000 10,000 


facturing specifications of + 10 per cent on control 
ampere-turns and saturation output are practical in 
most cases, except as noted below. 

Rectifiers: The rectifiers used as a component in a 
self-saturating magnetic amplifier should have low 
forward resistance. A consideration of the formula for 
output current at saturation will show that rectifier 
forward resistance functions as a part of the load and 
thus limits the maximum current. The rectifiers should 
also have low reverse current, since this acts as de- 
magnetizing ampere-turns which must be overcome by 
the control winding ampere-turns. Generally, low leak- 
age current is the more important since any variation in 
leakage current tends to change the control ampere- 
turns of the amplifier. Selenium rectifiers for use with 
gapless laminations of high quality core material should 
have leakage currents of no more than 0.1 to 0.2 per 
cent of the rated forward current if good performance is 
to be realized. For butt-jointed oriented silicon steel 
cores, where N, /, for the core and air gap alone are 
fairly large, more rectifier leakage can be tolerated, 
2-4 per cent of rated forward current being acceptable 
values. 

Magnetic Material: For ideal performance, the satu- 
ration curves and hysteresis loops for all of the cores in 
a self-saturating magnetic amplifier should be alike. On 
a practical basis for gapless cores, limits can be set 
for a-c magnetization curves of the material which give 
acceptable yield of cores and satisfactory uniformity 
of control ampere-turns, saturation output and mini- 
mum output. 

For U-lamination cores, adjustments can be made in 
the stack height. With butt-joint grain-oriented cores, 
no practical adjustment is possible at present and speci- 
fications for these units must be broader. Here the air 
gap has a more profound effect on the performance than 
the core material. Specifications for exciting current 
can be established, however, that are a fair measure 
of the quality of the butt-joint. In general, for gapless 
lamination, the 50 per cent nickel alloy seems to have 
more reproducible characteristics than the 80 per cent 
nickel alloy, or the grain-oriented 50 per cent nickel 
alloy. 

The formulas used for approximating self-saturating 
magnetic amplifier performance are based on a combina- 
tion of simple circuit theory and empirical constants 
which have proved to be practical values. These for- 
mulas have limitations, however, and judgment is 

(Continued on page 242) 
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J. C. LEBENS 
Chief Engineer 


Bussmann Manufacturing Company 


ECENTLY two approaches to the problem of 
R adequate electrical protection for motor actuated 
equipment were presented in ELECTRICAL MAN- 
UFACTURING.* Each author attacked the problem from 
a slightly different angle but both presented the 
economic and engineering advantages and limitations of 
thermal overload relays, circuit breakers, and ordinary 
fuses. Both mentioned fuses with increased time-lag 
but neither developed the possibilities of dual-element 
fuses having time-current characteristics comparable 
to the safe time-current characteristic of the motor. 
When dual-element fuses were introduced some 
twenty years ago they were of little interest to the 
electrical product designer because their time-current 
characteristics were not definitely established, replace- 
ments were not readily available, and they were fur- 
nished in a limited number of sizes considered adequate 
at the time. But operating electrical engineers exploited 
the potentialities of dual-element fuses in protecting 
motors in their own plants. By replacing ordinary fuses 


* “Fuses vs Circuit Breakers’? by R. P. Ballou, Feb. 1951 and ‘‘Pro- 


tective Controls for Low-Voltage Industrial Motors” by G. W. Heumann, 


May 1951. 


200 0.55 


DUAL-ELEMENT FUSES 








with dual-element fuses they converted their fused 
disconnect switches into motor controllers giving motor 
overload as well as short-circuit protection. 

Information gained in the field permitted the dual- 
element fuse manufacturers to evolve the ideal time- 
current characteristic, and public acceptance solved the 
replacement stocking problem in the field. The range 
of sizes has been expanded to meet all possible re- 
quirements; dual-element fuses now are available in 
250 volt and 600 volt sizes in rating from “49 to 600 
amp. The ratings form a geometric progression, each 
being approximately 25 per cent larger than the one 
preceding it. This system has produced some odd rat- 
ings such as 6% and 17% amp but experience has 
shown that these sizes are required to completely pro- 
tect all the motors available today. In addition to their 
special characteristics, dual-element fuses meet all the 
requirements of ordinary fuses and are so listed by the 
Underwriters’ Laboratories, Inc. Since they are fur- 
nished in the standard fuse dimensions as specified in 
the National Electrical Code they are universally ac- 
cepted by local inspection authorities. 
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Typical characteristic curves of a single-phase, 1/6-hp, 
110-volt, 60-cycle, 1725-rpm induction motor. 


Loe ee 


200 
Load, per cent 


Fig. 3—Heat generated in a motor under 
. overload conditions. 





a 





ELECTRICAL MANUFACTURING 





Besides furnishing short-circuit protection like an 


ordinary fuse, the dual-element fuse provides a long 


motor protection 


time-lag to protect the motor at low overloads. It 
may also be used as backup protection of thermal 
overload relays and in one form as an inherent 


overheat protector of fractional horsepower motors. 


Fig. 1—Cut-away view of Buss 
Fusetron dual-element fuses. 


The improved time-lag characteristics of the dual- 
element fuse is obtained by the design shown in Fig. 1. 
At each end of the fuse is a short-circuiting strip sur- 
rounded by arc-quenching filler and in the middle 
is the thermal overload device. Load current generates 
heat in the short-circuiting strips which is conductel 
into a heavy bar of copper (absorber) in the middle 
through a soldered connection at one end and the 
interrupting device at the other. The latter consists of 
a trigger made up of a stainless steel coil spring at- 
tached to a slug joining the end of the other short- 
circuiter strip to the absorber through a fusible (280 F) 
alloy. 

At the lower overloads where there is time for 
thermal conduction, the trigger releases at 280 F 
and opens the circuit. At the higher overloads, the heat 
generated in the weak spots of the short-circuiting strips 
causes them to melt and act like ordinary fast-acting 
fuses. By using copper and copper alloys for the short- 
circuiting strips the mass can be reduced to less than 
that of the zinc link used in ordinary fuses. This permits 
better short-circuit performance even though the avail- 
able space for short-circuit is reduced materially by the 
presence of the thermal overload unit. 

Because of the developments of the past twenty years 
the product designer has in the dual-element fuse a mo- 
tor protector in the true sense of the word. Not only 
does it furnish the same short-circuit protection afforded 
by the ordinary fuse but in addition, it has the high 
interrupting capacity of the current-limiting fuse with 
the required long time-lag at low overloads needed to 
protect the motor completely. Like all protective devices, 
the dual-element fuse must be selected and applied 
properly. To do this the designer of a motor-driven 
product must understand thé electrical characteristics 
of the motor as well as that of the fuse. 

Unfortunately, selection of the proper size protective 
device is complicated by the fact that the characteristic 
motor heating curves seldom, if ever, show the informa- 
tion required. Until the product designer insists on 
obtaining this curve his problem will be difficult. Typical 
curves based upon the data obtained from a brake test 
ona %-hp single-phase induction motor are shown in 
Fig. 2. These curves show all the important factors 
needed to appraise the operating characteristics of the 
motor but are of little value in selecting its protection. 
However, from this information a curve showing safe 
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time-current characteristic of the motor can be derived 
to give the true picture from a protection standpoint. 
From Fig. 2 it is seen that the %-hp rating is ob- 
tained at a torque of 8 oz-ft, or it could be calculated 
from the formula: 
Torque (oz-ft) x rpm 


Horsepower = —_—— 
84,000 
Current at this load is 2.75 amp and efficiency 67 per 
cent. 

Power input at full load produces useful work equiv- 
alent to 67 per cent, or % hp, and supplies the losses. 
These losses consist of core, friction and windage, and 
copper losses. At full load the core losses and copper 
losses are substantially equal and approximately twice 
the friction and windage losses. Since core loss is de- 
pendent upon frequency, and friction and windage losses 
are proportional to speed, these losses are substantially 
constant from full load to locked rotor. Copper loss is 
proportional to the square of the current flowing. 

At full load the losses generate heat which causes 
the motor temperature to rise until equilibrium is 
reached where the rate of heat dissipation by radiation, 
convection, and conduction is equal to the rate of heat 
generation. If the motor is rated at 40 C, continuous 
duty, the temperature of the hottest spot in the motor 
will be under 100 C so that the organic insulation on 
the windings will not be injured. Life of the organic 
insulation in the motor is halved for each 8 to 10 C rise 
above 40 C, 

As the load is increased, the heat generated in the 
motor increases because of the increased copper losses 
added to the more or less constant friction, windage, 
and core losses. This is represented graphically in Fig. 
3. As long as the motor does not stall the rate of heat 
dissipation is proportional to the temperature so that 
the equilibrium temperature increases with load accord- 
ingly. To maintain the maximum safe temperature of 
100 C, the time vs load curve must be the inverse of 
that shown in Fig. 3. As the current J increases, the 
time ¢ must decrease so that the product /*rt remains 
substantially constant. Actually the shape of the curve 
will vary slightly from that shown because of the 
thermal capacity of the motor. However, for all prac- 
tical purposes the safe time-current curve of the motor 
is a square law curve as long as the motor continues 
to run at substantially full speed. 
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However, when the rotor locks either because of ex- 
cessive load in starting or running, the thermal picture 
changes. Heat due to copper loss still is proportional to 
[*r, friction and windage loss drops to zero but, more 
important, the rate of heat dissipation drops materially 
thereby causing the temperature to rise rapidly. Further 
increases in current caused by portions of the winding 
shorting out increase the rate ‘of rise until finally the 
insulation not only is being destroyed but the wire 
itself melts and volatilizes. 

Field experience has proved that the best protection 
is obtained with the minimum number of useless fuse 
blows if the time-current characteristic of the protective 
device follows the square law curve from full load to 
500 per cent load at which point it has a minimum open- 
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Fig. 4—Time-current characteristics of a selected number of ratings of 250-volt Fusetron dual-element fuses. 
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ing time of 10 sec. Loads greater than 500 per cent 
usually are produced by a fault condition which must 
be removed from the line; hence, above this point, the 
time-current characteristic should approach that of the 
ordinary fuse thereby matching the melting characteris- 
tic of the copper magnet wire. 

Time-current characteristics of one make of dual- 
element fuse are shown in Fig. 4. These curves, plotted 
on logarithmic coordinate paper, are square law up to 
500 per cent load where a minimum opening time of 10 
sec is maintained. Beyond this the opening time de- 
creases rapidly so that at 4000 per cent load the opening 
time is of the order of 0.01 sec. For the purpose of com- 
parison, an ordinary 100-amp 250-volt fuse has an 
opening time at 500 per cent load of 1.8 sec and at 
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Motor amp. | single Phase Three Phase 


Typical Section of Table Showing How Dual Element Fuse Ratings are Related to Motor Amperes 


Horse power of motors usually of such amperage 


Two Phase | 






Amp. rating of Fusetron fuse 


Maximum size 
Direct Current Ordinary Heavy 


1115V 230V 208V 220V 440V 550V 220V 440V/115V 230V 550V__ service service Enclosed | Open type 


15.7 to 17.8 

17.9 to 20.8 

20.9 to 21.4 

21.5 to 21.7 

21.8 to 24.9 7% 7% 
25.0 to 26.0 

26.1 to 28.5 10 
28.6 to 30.4 10 





Motor | Motor * 











30.5 to 32.1 
32.2 to 34.7 
34.8 to 36.0 
36.1 to 39.1 


39.2 to 41.2 
41.3 to 42.8 
42.9 to 43.4 
43.5 to 46.0 


e Applies to open type motors with temperature rise not over 40C 





4000 per cent load a time of 0.02 sec. In other words, 
the opening time of the dual-element fuse is more than 
5 times as long as that of the ordinary fuse at 500 per 
cent load where time-lag is needed but one-half as long 
at 4000 per cent load where fast action is required. 
Yet both fuses must carry 110 per cent of their rating, 
or 110 amp, to meet the Underwriters’ Laboratories test 
requirements. 

Economic considerations usually influence the selec- 
tion of the motor and its protection for a drive applica- 
tion. If the load is steady and the price is not too com- 
petitive the selection of the motor is relatively simple. 
If the motor is subjected to momentary, intermittent 
loads, they may be considered as overloads and the mo- 
tor size selected accordingly thereby permitting the use 
of a smaller, cheaper motor operating at a steady load 
approximately equal to full load and subjected to over- 
loads for short periods. Under such conditions not only 
is the initial cost reduced but the motor operates at 
peak efficiency thereby reducing the operating cost as 
well. 

Having selected the size and type of motor for his 
application, the designer must select adequate protec- 
tion. Overload protection is provided by thermal circuit 
breakers, thermal-magnetic circuit-breakers, thermal 
overload relays, and dual-element fuses. Short-circuit 
protection can be furnished by thermal-magnetic circuit 
breakers, magnetic circuit breakers, ordinary fuses and 
dual-element fuses. Only thermal-magnetic circuit 
breakers and dual-element fuses are capable of furnish- 
ing both overload and short-circuit protection because 
only these two devices have the required long time-lag 
at the low overloads and the fast action under short- 
circuit conditions. As shown in the table of typical 
application factors, the dual-element fuse has sufficient 
time-lag so that, for complete protection, its rating can 
be selected substantially equal to the motor rating. 
When so selected it will function at any overload to 
protect the motor if the overload is continued dan- 
gerously long. 

If a thermal-magnetic circuit breaker is chosen to 
protect the motor, the interrupting capacity as well as 
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the rating of the breaker must be specified. However, 
the interrupting capacity depends upon the capacity 
of the circuit on which the product is installed; the 
greater the interrupting capacity the larger and more 
expensive the circuit breaker becomes. For example, a 
100-amp circuit breaker with an interrupting capacity 
of 15,000 amp is relatively small and inexpensive but 
the same rating breaker with 150,000-amp interrupting 
capacity probably would cost more than the whole ma- 
chine it is protecting. Hence, if a circuit breaker is 
used, the machine designer is continually faced with the 
uncertainty of the interrupting capacity required so 
that usually the circuit breaker must be furnished 
separately to simplify the design. 

The problem is less complicated with the dual-element 
fuse because it protects itself as well as the equipment 
against heavy short-circuits by limiting the current to 
a nominal, safe value. Tests conducted on the Fusetron 
dual-element fuses show that the standard device in the 
NEC case dimensions performs satisfactorily on circuits 
capable of delivering 165,000 rms amp (233,000 peak 
amp) at rated voltage. In spite of the magnitude of the 
current available the dualselement fuse limits it to a 
nominal value proportional to the size of the fuse being 
used. As an example, the 100-amp Fusetron dual-ele- 
ment fuse limits the 165,000 amp short-circuit current 
to 28,000 amp and the fuse clears the circuit in 0.0018 
sec. Hence, if the product designer uses the dual- 
element fuse for motor protection he is assured that 
adequate interrupting capacity in a minimum space is 
available at all times. 

In some cases it is desirable to combine thermal over- 
load relay protection with the dual-element fuse. This 
is particularly true where the cycle cannot be properly 
controlled with limit switches, interlocks, and contac- 
tors so that the machine jams at frequent intervals. 
With such a device the thermal overload relay is co- 
ordinated with the dual-element fuse so that the fuse 
only blows when the relay sticks or under short-circuit 
conditions where the relay operation is too slow to 
assure adequate protection. The advantage of the dual- 
element fuse over ordinary fuses is three fold. 
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In the first place the dual-element fuse of the proper 
size furnishes complete back-up protection to the 
thermal overload relay. Such protection is impossible 
with the ordinary fuse because its rating must be select- 
ed equal to approximately three times the full load 
rating of the motor to avoid useless blows on start. 
Hence, it only furnishes short-circuit protection. 

The protection afforded the motor and the thermal 
overload relay by the dual-element fuse is particularly 
valuable on three-phase machines. As mentioned by G. 
W. Heumann in his article on thermal overload relays* 
it is customary to use only two overload relays to pro- 
tect a three-phase motor even though this does not 
protect against the possibility of one primary phase 
opening on wye-delta or delta-wye connected trans- 
formers. When this occurs the current increases slightly 
in two of the three secondary legs but more than 
doubles in the third leg. If one of the thermal overload 
relays is in the leg in which the current increases ma- 
terially it will operate to shut down the motor before 
it is damaged but there always is one chance in three 
that this leg will not have a relay in it. The product 
designer has the choice of using the larger, more expen- 
sive three-pole thermal overload relay or using the 
conventional device with two relays backed up by the 
dual-element fuses of the proper size to give overload 
protection in each of the three legs. 

The second advantage of using the dual-element fuse 
instead of an ordinary fuse to protect the thermal 
overload relay is that tests by the Electrical Testing 
Laboratories on Fusetron dual-element fuses have 
established that this type of fuse has adequate inter- 
rupting capacity whereas the interrupting capacity of 
ordinary fuses never has been determined. In addition, 
the short-circuiting strip of the dual-element fuse can 
be designed for optimum short-circuit performance 
whereas the ordinary fuse link represents a compromise 
between satisfactory performance under low overloads 
and short-circuits. For this reason the current-limiting 
action of the dual-element fuse is greater than that of 





* “Protective Controls for Low-Voltage Industrial Motors” Exectricat 
MANUFACTURING, May 1951 
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Fig. 5 (left)—Fuse reducers make it possible to use a size smaller fuse in a standard fuse clip. Fig. 6 (right)—Cross- 
section of a Fustat mounted on a motor housing. Three points of possible fusing are shown. 
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the ordinary fuse under short-circuit conditions even 
though the time lag of the dual-element fuse is many 
times that of the ordinary fuse at the low overloads. The 
current-limiting action of the dual-element fuse pro- 
tects the heaters and contacts of the thermal overload 
relay from damage by the short-circuit and, by its fast 
action, limits the magnetic forces produced by the 
short-circuit to nominal values thereby reducing the 
danger of mechanical damage to the thermal overload 
relay and associated equipment. 

The third advantage of using the dual-element fuse 
instead of the ordinary fuse to protect the thermal 
overload relay is that the fuse size is reduced permit- 
ting, in many cases, the use of a smaller switch at 
lower cost. Many switch manufacturers have obtained 
Underwriters’ Laboratories listing on their switches 
at an increased horsepower rating with dual-element 
fuses. 

The full space saving possibilities of the dual-element 
fuse in the smaller switch with the proper horsepower 

(Continued on page 254) 


Cast-Resin Embedments 


File Copies of Article Available 


LIMITED number of copies of the 16-page article 

on casting resins starting on the facing page are 
available for distribution. Readers to whom copies of 
ELECTRICAL MANUFACTURING are addressed, or others 
who regularly receive each issue, may secure single 
copies without charge upon a company letterhead request 
addressed to: 


J. A. Campbell, Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Avenue, New York 20 


Those not qualifying for this free service may secure 
single copies at $1.00 on orders accompanied by re- 
mittance. Since the quantity of this reprint is limited 
for obvious cost reasons, requests should be made prompt- 
ly; when the initial supply is exhausted no more copies 
can be supplied. 


ELECTRICAL MANUFACTURING 





2 hesthe,  ERS S 








8 
¥ 


| 


CANT-RESTN EMBEDMENTS 
circuit subun 
and components 


ALEX. E. JAVITZ 


Associate Editor 
ELECTRICAL MANUFACTURING 


Electrical 


AY tr reaeta ars 













a new design concept 
for miniaturization, 
unitized construction, 
and =ruggedization 


Contemporary electronic and electrical design increasingly selves 
tough problems by the use of the embedded unit. What actually are 
easting resins? What are the associated production techniques? What 
specific needs indicate their use? What are the design problems, the 
application pitfalls? This discussion analyzes these factors; summa- 
rizes limitations, advantages and characteristics of the more impor- 
tant resins; cites selected case histories that illustrate the practical 
application of this technique in military and civilian products. 


Part I: Design Possibilities; Design Problems 


ASTING resins for embedment and encapsulating of 

circuit assemblies and component elements have pro- 
vided a new design tool of increasing importance. During 
the past five years their use has rapidly broadened in scope. 
Particularly significant has been the employment of cast- 
ing-resin techniques in unitized construction and in minia- 
turized design to “lock in” a group of associated components 
in an easily removable unit, so as to provide added reliabil- 
ity to the assembly and to cut down the cost of maintenance 
of the equipment. There is thus a vast difference between 
contemporary cast-resin embedment techniques and the 
time-honored methods for “potting” electrical components. 
(See Table I for detailed comparison. ) 

Military design is making much use of these techniques. 
It would be a fair statement to say that most of the develop- 
ment and progress centers in the military applications, a 
good proportion of them in restricted category. But like all 
developments in materials, components and design princi- 
ples that are stimulated by military needs, the impact on the 
civilian-product designer is profound, and becomes evident 
even during the early developmental stages. As of today, 
for example, while cast-resin embedded elements are used 
in restricted guided missiles application, they are also being 
applied in hearing-aid design. 

In hard practice, a casting resin should be evaluated for 
the application in hand, whether it requires average or 
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special performance characteristics. Compromise is almost 
always invoked. One of the problems still unsolved in the 
casting-resin art, for example, is the conflict inherent in 
the fact that materials with good thermal conductivity are 
also the ones with high electrical conductivity. 


The job of designing and producing an embedded circuit 
assembly is far from an easy one. In fact, it is extremely 
difficult and calls for consultation between the design engi- 
neer and chemists that have specialized in casting resins. 
Conventional “potting” methods, as already noted—and 
even some of the special techniques of vacuum impregna- 
tion—cannot be applied to the critical exothermic reactions 
that occur in the casting process. As one expert in the field 
said, “You just can’t take a lot of gunk and throw it around 
a bunch of components and think you have a cast assembly !” 


For this reason it is essential that a basic understanding 
of the resins used, the associated techniques, and the overall 
design problems and considerations have to be absorbed as 
a working prerequisite. The entire embedded structure must 
be engineered as a unit. It is not sound practice for an elec- 
trical engineer to design a circuit assembly and then turn 
the job of embedding it over to a chemist. Team work is 
essential. 

The entire job has to be integrated—engineering with 
the chemistry. It is necessary to select the components care- 
fully for the performance expected, for their compatibility 
with the casting resins used, for the mechanical stresses 
that may be encountered, for the thermal and other ambient 
conditions, and the whole project has to be made practical 
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_ Embedded Plag-In Subsainianice. 


= in 
Amplifier for Airborne Equipment —__ cc 
ee : Se ve 
HIS transparent model (approximately actual size) of a de 
cues amplifier developed by Melpar, Inc., under con- of 
tract with the Air Materiel Command (now designated Wright Air 
Development Center) shows graphically design function of a cast- be 
resin embedment of a circuit subunit. With this technique it is ca 
possible to attain a compact miniaturized unit, fully “packaged” “ 
and protected against moisture, fungus, shock and vibration, to 
effects of acceleration, and risks of tampering, and adaptable to t 
rapid field replacement of defective units. Characteristics of the 7 
amplifier, as listed below, reflect a difficult design and construc- ss 
tion job, particularly in relation to the size of the unit—1 x 1% | ad 
x 3 in. Weight is 0.3 Ib. ot 
Gain 3200 fil 
Hum level 0.5 per cent a 
Total distortion 2.0 per cent al 
Response +% db be 
100 to 2000 cps po 
Limiting output 16 volts ful 
Maximum input 5 mv at highest sensitivity é sig 
Ambient temperature range —65 Cto + 110C tof 
The amplifier has been used as strain gage, and is understood in 


to have functioned satisfactorily in the field for a considerable 
number of months. (The transparent model is not a production 
” 2 unit; in actual use a mineral-filled resin was employed in order 
to attain the required temperature limits.) 





t 

in terms of production—casting techniques and assembly general compacting of components. 
methods. (b) Broader use of unitized construction, miniaturi- J 

A useful classification of resins now commercially avail- zation, and plug-in units. 
able is to group them into (1) high-frequency resins, and (c) Adaption to specific design requirements by 
(2) low-frequency resins. In the first group are styrenes selection of appropriate resins; such as low-loss 
and modified styrenes; in the second group are the poly- resins for high-frequency applications. 
esters and modified polyesters, the epoxy types, and the (d) Circuit identification easily provided by pig- 
polyurethanes. No sharp line of demarcation exists; be- menting the resin formulation or by placing colored 
tween 10% and 10!° cps may be indicated. The one character- tabs within transparent castings. 
istic that distinguishes low- from high-frequency resins is (e) Attaining of desirable characteristics, such as 
the loss or dissipation factor. For high-frequency resins it reduction of microphonics in high-gain amplifier 
should not exceed 0.001. Dielectric constant, too, should be circuits. 
low—not above 3. The low-density foamed resins, now 3. Economy: 
moving out of the experimental state, cut across both classi- (a) Elimination of component-mounting hardware 
fications, depending on the basic resin. They offer the (terminal strips, brackets, lugs which add nothing 
obvious advantage of reduced weight, but have to overcome except weight to a circuit, as much as 30 per cent 
the defect of poor thermal dissipation. In addition to low according to some estimates). 
density, the foamed resins have advantages of low dielectric (b) Elimination of, or minimizing need for, en- 
constant and power factor, thus reducing stray capacitances. vironmental protection for components since the 

Most widely used so far have been the polyesters, since casting resin embedment provides the protection. 

they offer a combination of generally satisfactory properties (c) Increased facility and reduced cost of mainte- 
and practical costs. The epoxy group has been coming along nance by making it possible for unskilled personnel 
rapidly, due to low shrinkage and superior adhesion to to easily remove and replace embedded units. 
metals. Where dielectric properties are paramount, styrene (d) Rapid circuit assembly by using bare point-to- ; 
resins, particularly the NBS resin, are outstanding, but this point wiring. ' 
resin is extremely high-priced. Advantages inherent in embedded circuit elements are | 
What can the design engineer attain by injecting an em- particularly useful, as already noted, in military applica- [| 
bedded circuit unit into his product? The following advan- tions. In fact, it is in military design that unitized con- 
tages may accrue: struction and miniaturization have been used most success- 

1. Reliability: fully and so have given the greatest impetus to the embedded 
(a) Hermetic sealing (protection against fungi, circuit subunit. Certain factors peculiar to military design 
moisture, dirt, fumes, and other environmental con- readily explain this fact. First of all, everything is nec- 
ditions); components fixed in a matrix (embed- essarily jammed up in relatively confined space, since elec- 
ment) of known physical and dielectrical capabilities. trical and electronic systems (both shipboard, submarine, 
(b) Ruggedization (shockproofing; vibration re- airborne and ground) are constantly growing more com- 
sistance ). plex. The need for reliability and ease of maintenance thus 

2. Design flexibility: becomes increasingly vital. 

(a) Space-factor gain through elimination of air Temperature conditions reach extreme limits. Compo 
spaces; three-dimensional circuit construction and nents have to perform near generators or “hot” trams- 
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formers. The equipment, if airborne, may have to tunction 


in rarified atmospheres and thermal conductivity thus be- 
comes seriously impaired. Extreme shock may be en- 
countered under ballistic circumstances. The military 
designer has even to contemplate the possibility of exposure 
of his equipment to atomic blast conditions. 

What about the disadvantages and limitations of the em- 
bedded resin construction? These do exist and are signifi- 
cant. Before we move into a resin-by-resin analysis of 
resin properties, it would be best, therefore, and logical 
to examine some of the problems encountered. In doing so 
it is necessary to keep in mind that the embedded circuit is 
essentially a variant of the sealed assembly and that its 
advantages and disadvantages have to be weighed against 
other sealing methods, such as the liquid-dielectric (fluid- 
filled) assembly, the gas-filled assembly, and the spray- and 
dip-coating methods. 

1. Difficulty of repair. Some engineers consider this a 
very serious objection since they feel any circuit unit should 
be accessible for at least minor repairs in the field. If this 
point is conceded, then the difficulty has to be weighed care- 
fully in deciding the adoption of an embedded-circuit de- 
sign. There are two methods for making repairs, neither 
of them particularly good: Some castings can be soaked 
in a solvent, but this is time-consuming and imposes the 





risk of injuring or destroying the components. Or with a 
transparent resin it is possible to drill a hole into the cast- 
ing, make the repair and then re-fill the casting. This is 
both expensive and time-consuming. The logical answer is 
to recognize the fact that the embedded circuit is essentially 
indicated as an expendable unit to be easily and quickly 
replaced in the event of failure. The apparent high cost of 
such procedure has to be weighed against the long-range 
economy of (1) increased reliability in service inherent 
in the embedded construction itself, (2) prevention of tam- 
pering, (3) elimination of skilled maintenance personnel. 
2. Heat dissipation. This problem has to be considered 
during the design stage if serious trouble is to be avoided. 
For example, one report states that tests on subminiature 
vacuum tubes operating under rated conditions embedded 
in a l-in. cube of polyester resin showed a surface tempera- 
ture of close to 85 C above ambient, while with the tubes 
operating in air under free convection the temperature was 
70 C above ambient. Surface temperature of the embedded 
tube increased at a rate of 30 C per watt of dissipation. 
Five suggestions for aiding heat dissipation: (1) Keep 
high-wattage resistors and other hot components away from 
temperature-sensitive elements such as tubes. (2) Space 
out components as much as possible. (3) Provide heat con- 
duction paths near tubes by using dead-end brass tubes of 





Table I—Casting Resins: Background; Definitions; “Ideal” Properties 


A. Casting Resins Compared to 
Conventional Potting Compounds 


In conventional potting methods, 
the component is placed within a 
can or other permanent container, and 
the potting compound, usually a wax 
or bituminous compound, is melted, 
poured in, and allowed to solidify 
around the component. The can re- 
mains an integral part of the unit. 
The potting compound remains com- 
paratively soft in composition. The 
physical properties of such com- 
pounds, are inherently incapable of 
meeting performance requirements of 
equipments that operate at elevated 
temperature, high humidities, condi- 
tions of extreme shock and vibration, 
and other exacting circumstances of 
use. Shrinkage values are entirely too 
high for embedment purposes. Nor 
can these compounds provide ade- 
quate dielectric properties for service 
in high-frequency and_high-imped- 
ance circuits. For these reason, while 
the conventional potted unit has its 
well-established function in the design 
of components and their application 
in electrical equipment, it plays no 
part in the techniques discussed here. 


B. Casting Resins Defined by For- 
mulation and Techniques 


These materials are polymerizable 
resin formulations that, when poured 
into a mold, and with the addition of 
the proper catalysts and “promoters,” 
will be converted into a solid state at 
room or relatively moderate temper- 
atures, No pressures are needed. The 
result is a hard rigid casting totally 
embedding a circuit subassembly or 
a component. The mold provides a 
support for the unit while it is being 
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embedded. After the resin has solid- 
ified, the mold is usually removed or 
stripped off. In certain applications, 
a self-mold of the same resin is em- 
ployed; during polymerization it be- 
comes an integral part of the casting. 

In summary the casting technique 
is to (1) fix the assembly in a pre- 
viously prepared metal or plastics 
mold; (2) pour in the casting resin, 
suitably prepared; (3) allow resin to 
polymerize for the necessary time and 
under the necessary temperature; (4) 
remove the casting. Although the 
procedure, as stated here, seems sim- 
ple, it is actually a most critical 
operation. 


C. Casting Resins Defined by 
Characteristics 


A second definition is obtained by 
listing the performance qualifications 
that are sought in casting resins. A 
study of these requirements will im- 
mediately place these resins in their 
proper perspective as compared to 
conventional potting compounds. The 
list that follows is a composite based 
on various sources and includes some 
targets for an “ideal” resin. It is im- 
portant to note that no one resin meets 
all these requirements; and all cur- 
rently available resins are deficient in 
one or more respects. 

1. Viscosity of the resin should be 
sufficiently low to permit complete 
embedment or encapsulation of the 
components. 

2. Minimum degree of shrinkage 
on setting (ideal maximum volume 
change less than 2 per cent). 

8. Good electrical properties: high 
dielectric strength, specified dielec- 
tric constant and loss tangent for 
application in hand. (Ideal for di- 


electric strength %-in. specimen, 300 
vpm; dielectric constant under 2; and 
loss factor not to exceed 0.001; all 
at normal temperature and frequency 
range.) 

4. High thermal conductivity; low 
thermal coeficient of expansion. 

5. Ability to stand up to exacting 
temperature conditions. Military re- 
quirements already call for service at 
— 55 C to + 250 C, with short-time 
and hotspot temperature even higher 
than 250 C. (Ideal resin might be 
expected to withstand repeated tem- 
perature cycling from —100 C to 
+ 250 C; also maintain physical sta- 
bility at 200 C for 500 hr.) 

6. Cured compound should be non- 
corrosive; should not damage fine 
copper leads. 

7. Ease of casting and rapidity of 
cure. (Ideal resin should cure within 
12 hr at room temperature, and in 
1 hr at higher temperature; but min- 
imum cure time of 24 hr seems rea- 
sonable.) 

8. Sufficient rigidity to provide 
mechanical support for the embedded 
assembly and sufficient sturdiness for 
necessary handling. 

9. Good adhesions to metal leads 
and other elements (should be suf- 
ficiently strong to provide good seal- 
ing at terminal surfaces to exclude 
air and moisture). 

10. Good moisture-vapor _ barrier; 
good moisture-absorption resistance 
(ideal moisture absorption, less than 
0.01 per cent, per ASTM 24-hr test). 

11. Cured compound to resist cold 
flow. 

12. Minimum fire and health haz- 
ards in use; good storage properties; 
ready availability at cost commensur- 
ate with the application. 
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Telemetering, Radar, ini Assemblies | 


A. Embedded electronic telemeter- 
ing assemblies: These units are inter- 
changeable and compact. Leads and 
connections are held securely in place, 
even under high acceleration forces 
encountered in actual use. Connector 
plugs are integrally cast-in and are 
used for all interconnections. Resin: 
Cornell Aeronautical Laboratory’s CAL 
casting resin, a modified polyester de- 
veloped for guided missile and other 
special application. B. A mineral- 


loaded polyester is used to embed the 
long-life subminiature tube of the 
radar-beacon modulator. After embed- 
ment, the external miniature tube and 
relay (both replaceable) are fixed to 
the casting. (A 1500-volt lead is shown 
emerging from the side of the casting.) 
Resin (Melpak IV-M, Melpar, Inc.) is 
selected for its high strength and good 
temperature characteristics. The unit 
is required to operate over an ambient 
temperature range from —65C to 


+85 C and has a fairly high rise above 
ambient. Embedment technique pro- 
vides moisture-proofing, shock and vi- 
bration Ss also saves space 
since no holding devices are required. 
C. Antenna coupling transformer for 
outdoor use “packaged” within poly- 
ester- NEL No. 177 casting resin 
developed by the U. S. Navy Elec- 
tronics Laboratory. (Standard vacuum 
tube at the side is for purpose of size 
comparison. Due to optical distortion, 
all cast components in cylindrical cast- 
ings appear larger than actual size.) 





































approximately the same length and allow them to project 
about 1 in. from the cast block or by similarly extending 
metal shielding. (4) Since thermal dissipation in resin is 
less than in air, it is necessary to de-rate all components. 
(5) Some engineers consider 14% watt dissipation per cu in, 
(without forced cooling) as a safe working maximum. 

There is little, if any, difference, however, between tem- 
peratures at which circuits run in an embedded and non- 
embedded assembly when the components are closely packed 
and the entire circuit operates in a confined space with but 
slight air flow. This follows from the fact that still air is 
a poor thermal conductor. Under reverse conditions, of 
course, operation of the unembedded circuit will be cooler. 

3. Thermal stability. Stability of most commercially 
available casting resins and special modifications at higher 
temperature limits, say 200 C, is still far from perfect, al- 
though some of the resins show temperature distortion 
performance up to 170 C and better with no load. (Since 
embedded units normally operate without load this condi- 
tion is an acceptable basis.) The ability of the resin to 
operate at elevated temperatures, however, is only pertinent 
if the equipment itself is required to operate at such tem- 
peratures, and if comparably rated components are avail- 
able. For many applications, it should be noted, moderate 
temperature limits are adequate. 

At the low-temperature range, the irregular conforma- 
tion and sharp corners of many components aggravate the 
possibility of cracking. For this reason the low-temperature 
figures given by resin manufacturers do not always apply 
in practice, since the manufacturers’ tests are normally 
made on solid specimen blocks free of embedded elements. 
Admixture of glass fibers or ground quartz may improve 
low-temperature performance but this may be at the expense 
of dielectric properties, by introducing added losses. Sili- 
cone-rubber cushioning may be used for sharp-cornered 
components. 

4. Increased weight. The addition of weight to equip- 
ment through use of embedded circuit units is certainly a 
valid design consideration, but like every other factor it 
has to be balanced against final design objective. Estimates 
have been made that with a well-designed embedded circuit 
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the weight of the equipment is increased by a factor of 3. 
In certain guided missile applications extensive use of em- 
bedded units has led to a weight increase of only 30 per 
cent. Where weight is the paramount consideration (as in 
airborne equipment) some other solution is indicated. A 
compromise is often possible by combining embedded sub- 
assemblies with miniaturized units. Foamed resins (pre- 
viously referred to) would help solve the weight problem. 

5. Dielectric properties. Embedded units may multiply 
stray capacitance of the circuit by approximately the di- 
electric constant of the casting resin. In high-frequency cir- 
cuits, electrical may be increased. But there is 
considerable opinion that there is too much emphasis on 
high dielectric properties of casting resins. These, it is 
claimed, are not called into actual play as constantly as it 
seems. Suppose electrical losses do increase one or two per 
cent during operation? How really important is that? The 
approach should be Edisonian; does the final equipment 
work? That should be the prime question. It is just as 
important to obtain good mechanical properties and combine 
these with good average electrical properties for day-in and 
day-out use of embedded units. 

This opinion, of course, is not universally accepted; nor 
would it apply to design for critical high-frequency applica- 
tions, but it seems to receive considerable support both 
within Armed Services and in industry from the practical 
consideration that availability of low-loss resins is still 
limited and their cost is still high. 

6. Variable stresses within casting. This is a constant and 
important problem. It is caused by shrinkage of resin dur- 
ing curing and by the differences between the coefficients of 
thermal expansion of the resin itself and of the metal, glass 
and other component materials, which may result in crush- 
ing or other serious damage to the components. The problem 
is solved essentially by design know-how. Vinyl tubing and 
coatings of vinyl paste or silicone rubber paste can be used 
as protection for subminiature tubes. Thickness of the 
order of 0.001 to 0.0012 in. is practical for the silicone rub- 
ber; somewhat thicker for vinyls. Typical technique is 4S 
follows: The tubes are dipped into a high-viscosity silicone 
rubber compound, the solvent is then evaporated and the 
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tubes are oven-heated until the rubber is securely baked on. 
The elastomeric nature of the coating allows it to absorb 
the expansion of the glass envelope. (Tubes are coded by 
a color or dot in the silicone rubber coating.) Some other 
cushioning methods: Wrap or cushion metal parts in stress- 
yielding material such as lacquer-treated paper or Teflon; 
coat with silicone grease so that the resin shrinks longitu- 
dinally along straight metal inserts. 

Shrinkage of most resins may be reduced by suitable 
fillers such as mica, glass fibers, powdered slate, silica gels, 
and various silicates. This technique is particularly useful 
when large metal inserts are present when it is essential to 
reduce the coefficient of thermal expansion of the resin. 
(Addition of fillers to improve a certain property, however, 
has to be carefully evaluated, since other properties may be 
adversely affected. ) 

The factors enumerated so far are those most frequently 
cited as problems in embedded-circuit design. But there 
are a great many other problems which have to be faced, 
and the best way to present an analysis of such factors is to 
cite here—off-the-record—the working experiences 
opinions of several specialists in the field: 

Since embedded circuits are essentially a phase of minia- 
turization they are also affected by some of the limiting 
factors in miniaturization. One of these is the commercial 
lack of really miniature connectors, small enough to match 
the other miniature and subminiature components in the 
assembly. It is rather frustrating to the engineer to design 
a compact embedded “package” and have to be content with 
a relatively outsized connector! One company is developing 
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Aircraft Armament Electronic Control | 


HE EMERSON Electric Manufacturing Company has done 

a considerable amount of evaluation and production work 
with casting resins in connection with military equipment such 
as aircraft gun-fire controls.® It has standardized on the Selectron 
series of polyester resins (Pittsburgh late Glass Company) using 
a micronized silica sand (properly dehydrated) as the filler to 
obtain desired properties. Shown here are the components and 
final assembly of a miniaturized gun power supply, not exceed- 
ing 7 oz. in weight, developed to supply power required to fire 
electrically primed ammunition size 20 mm. Unit is 1% in. in 
diam, and 1% in. high above panel-mounting surface. Designed 
to be excited from a 115-volt (rms) 380 to 1700-cycle source it 
is required to deliver 200 volts d-c (peak) when working into a 
7500-ohm load. Temperature rise is limited to 61 F (16 C). Unit 
must function under any or all combinations of the following 
Operating conditions: 


*A detailed experience report from Emerson Electric, covering their investigation 


of resins, production factors, and.other case histories, will appear in a‘later issue. 
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its own “midget” connector to overcome this lack. The 
reliability of miniature and subminiature components as a 
group is still another element to watch. An embedded as- 
sembly, as already pointed out, is not meant to be repairable 
in the field and therefore all components. entering into the 
assembly are required to be of the highest possible order of 
reliability. 

Selection of high-quality reliable components does not 
automatically confer assurance of good performance. There 
is still to be checked the possibility of an unpredictable ef- 
fect on component constants once the assembly has been 
embedded. The best precaution is to make preliminary 
embedments to determine such effects and to make cogni- 
zance of them in the final design. 

Frequent problem in embedded design is the effect of 
hydrolysis on exposed surfaces, particularly leads, over a 
long period of service under high relative humidity and a 
d-c potential. Present method to minimize this effect is to 
coat each end of a lead separately with a special silicone 
compound or other suitable hydrophobic materials. As to 
leads, the preference seems to be for the solid type, since 
moisture can enter the assembly through the air voids in 
stranded leads. The advantages of using a casting resin 
with good metal-adhesion properties is of course obvious. 

Moisture absorption and moisture-vapor transmission are 
extremely important factors to be considered in embedded 
circuit design. Unfortunately, the extent of available data 
on moisture-vapor transmission in particular is relatively 
limited. No good correlation has been made to date between 
moisture absorption and its actual effect on the physical 
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1. Altitudes: From sea level to 50,000 ft. 


2. Temperatures: From —70F to +160F (approximately 
—57C to +71 C). 


3. Humidity: Under all conditions of relative humidity found 
in the specified altitude range and throughout specified 


temperature range. 


4. Accelerations, vibration, shock: Under all conditions present 
in aircraft during service operation. 


5. Position: May be tilted or oriented in any manner. 















































Polyester-Cast 
Reactor Coil 





HIS cylindrical Perma- 

fil casting embeds the 

i coil of a 720-cycle control 
reactor built by General 
Electric’s West Lynn 
(Mass.) Works for carrier- 
current equipment. Permafil 
is one of a series of G-E 
modified unsaturated poly- 
esters. No. 3360 was used 
| __ for the castings; prior to be- 
ing cast, the coil was brush- 
coated with another type, 
No. 3264. Overall results: 
excellent protection against 
F moisture, temperature 
changes, shock and vibra- 
tion; casting also provides 


good dielectric strength and 
heat dissipation. Another 
advantage of this method: 
it allows low-cost tooling. 
Application is still in pilot- 
plant stage; about 1 to 3 Ib. 
of resin are required for 
each coil. 





and dielectric properties of the assembly. The absorption 
often may be “just under the skin” of the embedment. In 
some instances, resins with relatively low or negligible 
absorption have failed completely in performance after 
casting. 

Since moisture is related to fungus, the problem of fungus 
protection arises. One recommendation is to design as much 
fungus resistance as possible into the assembly; to use, for 
example, funginert materials to as great an extent as is 
consistent with other design requirements. The use of 
fungicidal coatings should be examined critically, since 
these do not stand up to the higher operating temperatures, 
and may impair the electrical ratings of components. 

An interesting suggestion has been advanced that 
moisture absorption should be evaluated on “running” or 
working equipment, rather than on “cold” materials, as 
called for in conventional procedures. A test on running 
equipment is felt to be more realistic since the equipment 
has a normal tendency to remain dry owing to operating 
temperatures and the entering moisture has to “fight” 








against this inherent tendency to remain dry. This condi- 
tion, however, would not apply to equipment subjected to 
sharp temperature-cycling causing moisture condensation, 

Not as widely recognized as it should be is the fact 
that an embedded assembly acts as protection against shock, 
vibration.and sound (noise level) transmission. A properly 
designed assembly can be protected against the pulses that 
in the same circumstances would have been generated with- 
in an unprotected assembly. Actually, assemblies comprising 
the most delicate of components are made solid and rigid 
structures through embedment techniques and show neg- 
ligible transmission of vibration. To attain optimum results 
in this respect damping characteristics of the casting resin 
should be controlled with reproducible results. 

It has been reported, for instance, that casting resins of 
predetermined damping and other physical properties are 
being specified for filling all voids in guided-missile as- 
semblies, and that acceleration tests have shown no damage 
to the cast embedment nor to the components within 
(provided the latter were properly embedded). 

What is the practical size limit of embedded circuits? 
The decision depends of course on the nature of the equip- 
ment, on the maintenance conditions that are likely to 
rule, and on the service factor—is the equipment intended 
for long life, or for short-time use? In certain “one-shot” 
military equipment where life is short, as in guided mis- 
siles, or in other expendable equipment, such as proximity 
fuzes, embedment of large and complex systems may be 
consistent with the application. In other instances, such as 
Signal Corps ground communication equipment, large em- 
bedments may not be practical since the lack of long-life 
component reliability will prove a limiting factor. Maxi- 
mum size indicated for most military equipments and for 
civilian products is a casting with a system of approxi- 
mately 30 components. 

These comments on the practical limits on the size of 
embedded units apply principally to embedments of sub- 
assemblies. In such applications where a single large unit 
is embedded, as for example transformer parts, commutator 
rings and special-purpose coils, some large-sized castings 
have been successfully made. Some interesting work has 
been reported, for instance, from Switzerland where epoxy- 
resin transformer castings up to 200 lb have been attained. 





Miniature Radar-Beacon 
Receiver 

OST embedded subunits contain a 
maximum of 2 tubes, since these 
elements are the most delicate in the 
circuit and by reducing the number to 
the minimum, the statistical incidence 
of failure is kept low. In the Melpar 
MP-1539 miniature radar-beacon 8- 
tube receiver, the circuit, for certain 
practical reasons, could not be broken 
up into four embedded blocks to meet 
this criterion. To cqampensate for this, 
each of the two 4-tube units was em- 
bedded in a resilient, rather than a 
rigid resin, since this would reduce the 
risk of damage to the tubes.’ Paraplex 





P-13 (Rohm and Haas) a resilient-type 
polyester was used. The receiver oper- 
ates with a hotspot temperature of 
190 C at an ambient of 100 C. Advan- 
tages of circuit embedment: moisture 
proofing; miniaturization compactness; 
assurance against shorts or micro- 
phonics by eliminating movement of 


components. 

Illustration (left) shows top of re- 
ceiver chassis with its complement of 
4 tubes. Metal header at end of chassis 
mounts the coaxial video input con- 


nector, a miniature connector for 
power input and pulse input and pulse 
output, and a_locking-type poten- 


tiometer for adjusting trigger threshold 
level. Beacon is used with radar equip- 
ment in the 2700-2900-mc band. To in- 
crease heat dissipation, the embedded 
receiver is cased in a black sheet-metal 
can, as shown to the right. (Receiver is 
used with the radar beacon modulator 
shown on a preceding page.) 
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In this country, castings weighing up to 30 or 50 Ib 
have been made. One of these is an epoxy-resin casting 
of a coil for a military application, with the finished unit 
weighing 30 lb and measuring 10 in. diam by 5 in. 
in height. A large transformer manufacturer has made 
polyester castings for transformer parts weighing up to 
40 lb. One is tor a doughnut-shaped part, 13 in. diam, 
6 in. high, 3 in. circular cavity and 40 lb weight (cast 
resin). Another part is U-shaped, 18 in. long, 9 in. between 
legs, 4-in.-diam legs, heavy copper insert between legs, 
weight of the casting 15 lb, also a polyester. Even larger 
castings have been unofficially reported, including very 
large castings (600-650 lb, using epoxy resins) made for 
restricted applications. 

Design of embedded circuits and components cannot be 
disassociated from the production techniques. Such factors 
as cure time and temperatures; what catalysts, promoters, 
and accelerators to use; what precautions to take against 
oxidation (such as nitrogen gas, silicone lubricants, etc.) ; 
what type of mold to use, are all part and parcel of the 
design job. Some design engineers, for example, prefer 
a liquid resin that is easily handled and that cures at room 
temperature. Others prefer to work at higher temperatures 
and use solid hot-setting resins. 


Another element difficult of compromise is the engineer’s 
natural desire for a resin with a long “pot life” and also 
for a short, if not quick, cure. Both are unobtainable in 
the same resin. About the best compromise at present would 
be a resin with a pot life about 1 hr and a cure period of 
the same duration. Generally, the engineer has to know 
what storage time is permissible, what storage conditions 
should be set up, what special processing is needed such 
as ventilation and temperature control. 

Actually, a consensus of those working in the field would 
strongly support the position that the question of what 
type of resin to use is perhaps not as important as the 
techniques to be used. At least, both phases of the problem 
are equally important. It must not be assumed that a deci- 
sion to use an embedded assembly, the design of the circuit, 
and the selection of the casting resin, automatically impart 
reliability to the finished product. 

Molds are a study in themselves. One company uses a 
one-shot metal mold made from a specially developed low- 
melting alloy. Mold is reusable, simply being melted and 
formed again. The alloy is particularly adaptable for the 
epoxy-type resins since it does not stick to the resin. 
Sometimes the mold is chrome-plated inside if a better 
finish is desired for the casting. 





A. Trial Cures of the Resin 


1. Curves of exotherms (time 
versus center temperature of cast- 
ings), utilizing various catalysts, can 
be correlated with the cracking of 
castings. High peaks usually indicate 


placing the mixture in a vacuum 
desiccator and alternately making and 
breaking the vacuum. 

C. Molds 


1. Molds may be made of a variety 


D. Casting the Resin 


1. Bubbles should be avoided in 
the casting or pouring process. Care- 
ful technique of pouring the resin 
will frequently prevent their formation. 
Bubbles in the liquid resin, introduced 


cracked castings. 

2. Before embedding components 
in an untested batch of liquid mono- 
mer or partial polymer, trial cures 
are run to determine the maximum 
per cent of catalyst which give a 
crack-free cure. Trial cures should 
be run with embedded pieces of 
metal or pointed glass rods to simu- 
late encapsulated components. In ob- 
taining a crack-free cure it may be 
necessary to decrease the quantity of 
catalyst or to change to another. 

3. Gel time and viscosity of the 
resin may also be determined to as- 
certain if a new batch of resin is dif- 
ferent from previous batches received 
from a manufacturer. 

B. Mixing of Catalyst with Resin 

1. Mixing may be accomplished by 
utilizing a stirrer or by rotating a 
bottle containing the mixture on a 
mechanical device. In this process 
bubbles are frequently introduced 
into the mixture. These bubbles may 
be removed by centrifuging or by 





* Source: Information Bulletin No. 152. Squier 
Signal Laboratories, SCEL, Components and Ma- 
terials Branch. (This summary, condensed, is 
based on SCEL experience; see also under Refer- 
ences at end of article for other sources.) 

&@ Since these procedures are essentially for 
polyesters, it is important to note that their 
usage with epoxy resins may lead to serious diffi- 
culties. With epoxy resins, owing to the nature 
of the reactions, the general recommended pro- 
cedure is to use less rather than an excess of 
catalyst. 

b With epoxy resins, bronze and tin-plate molds 
seem to work better than nickel plate or alumi- 
num. Actually aluminum molds may give con- 
siderable trouble even when coated with silicone 
compounds to prevent adhesion. 


of materials such as wood, glass, 
metals, elastomeric plastics and 
plaster of paris. 

2. Elastomeric plastics molds have 
the advantage that they are capable 
of moving with the shrinkage of the 
cast resin thereby preventing the for- 
mation of stresses caused by joint ac- 
tion of adhesiveness and shrinkage. 
Vinyl organsols and polysulfide elas- 
tomers are used for such molds. 

3. Metal molds have the property of 
carrying away heat formed in exother- 
mic polymerizations. Chromium plate 
seems to provide surfaces for molds 
that also have low adhesion to most 
resins. Nickel plate or aluminum may 
also be used but are not as universal 
in application as is chromium. Cracked 
castings due to shrinkage stresses may 
result if adhesion to the surface of 
the mold is too high.> 

4, Metal and other types of molds 
frequently require mold-release agents 
to prevent adhesion to their surfaces. 
(Commercial materials are available) 

5. A technique has been developed 
by SCEL designed to eliminate the 
necessity for mold releases and to 
utilize the desirable properties of elas- 
tomeric molds. This technique in- 
volves the use of expendable molds, 
made of thin sheets of flexible plastic, 
which are left on the castings. Molds 
of this type can be made of 5-mil- 
thick nylon (adaptable to room temper- 
ature cure) or polytrifluorochloro- 
ethylene sheet (satisfactory for curing 
temperatures up to 400 F). Such molds 
are particularly adaptable. 


by stirring, can be removed by centri- 
fugation or by placing the mix in a 
vacuum chamber and then alternate- 
ly making and breaking the vacuum. 

2. Many resins undergo a prelim- 
inary gelling step at room temper- 
ature. Following gelling, the resin is 
cured at an elevated temperature. 

3. Air will frequently inhibit the 
cure of a resin. Air can be excluded by 
a cellophane sheet or by pouring gly- 
cerine over the surface in the gel 
stage. 

4. A centrifugal casting technique 
has been applied to embedded circuits. 
In this method centrifugal force is 
used to promote the filling of all the 
voids in the mold and the encapsu- 
lated object with resin and to eliminate 
all bubbles. It is a rapid and good pro- 
duction method of pouring resin. 


E. Separation of the Casting 


1. If a suitable mold-release agent 
has been used, the cured resin will 
loosen easily from the mold. How- 
ever, the casting may adhere at the 
air-mold-resin boundary due to the 
inhibitory action of air. Scouring with 
a knife at this border will usually 
overcome this difficulty. 

2. Some fabricators use glass molds 
which are fractured away by placing 
them in a refrigerator until they are 
quite cold and then suddenly bring- 
ing them to room temperature. 

3. If expendable molds are utilized 
as described above, no separation 
problem will exist since these molds 
are an integral part of the casting. 
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TICS OF SELECTED CASTING RESINS 
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HEAT LOw- MOISTURE 
DISTORTION, | TEMPERATURE | DURING CURE, | ABSORPTION, 
DEG Cc LIMIT, DEG C PER CENT % IN 24 HR 
LAMINAC 411600 0.24 
PARAPLEX P-13 9.0 0.6 
p-43b 7.0 0.3 
SELECTRON 52095 — |. 
VIBRIN 132500 ae 9.7 — 
CAL CASTING RESIN 6000-7000 2.5 0.233 
(linear) _ iM > ale 
" MELPAK IZM” “WGood"! 5 054f 
NEL NO. 177, 32,000 _— — ail 
STYPOL 502E 1300 8.4 0.30 
507£5 5300 8.9 0.14 
AN-5 CASTING RESIN 4600 98 0.013 
NBS CASTING RESIN 75 0.01 
a oi (at 20C) ae 
STYCAST — — 
RESIN4O)0t—~S a =! a 0.2 
RESIN C . 9.0 ‘ 0.11 
0.5-2.5 0.14 
(unfilled) 
0.07 
3-M RESIN R-1433 ae 
LOCKFOAM on 
MELPAR FOAM-RESIN "Good" 
CASTOR OIL POLYURETHANE 0.507 





a Cured resins. Values based on manufacturers’ literature and other published data (see under References at end of article tor sources). Dielectric, moisture-absorption, and physical tests are presumed to be at 25C and 
to foliow ASTM procedures. However, test conditions and methods are not always fully stated in published data sheets and therefore the values given in this table should not be used tor precise comparative evaluation, but 


onty as a general guide 
Other grades are also availabie from same source 


A typical casting resin self-mold is rectangular, about 
0.05 in. thick. The circuit subassembly is inserted into 
the mold, the casting resin poured in and allowed to poly- 
merize under the specified temperature conditions. When 
the casting is cured, the subassembly itself becomes integral 
with the mold, which in effect forms a complete housing. 
The component can be first assembled around an L-shaped 
chassis, also previously molded from the same resin. 

Many seemingly small points are important: For exam- 
ple, the quality of solder joints should be watched in cast 
assemblies. Cold resin joints are likely to open up during 
polymerization and of course can cause considerable diffi- 
culty. Another example: Wax-coated capacitors may give 
trouble by bleeding through the resin. 

The unique properties of fluorocarbon resins find applica- 
tion in mold design. Teflon-lined metal molds utilize the 
nonsticking property of this resin to reduce or eliminate 
the tendency of castings to stick to the metal. The flexibility 
and mechanical strength of Kel-F are utilized in expendable 
molds (although quite expensive). 

Since casting resins generally have difficulty in adhering 
to fluorocarbon (also nylon) self-molds, there is a risk of 
moisture penetration should any of the components come 
in contact with the mold itself. 

There is no attempt here to give even partially complete 
data on casting techniques. For one thing space does not 
permit; and secondly, each manufacturer of casting resins, 
and each producer of embedded circuits, has his own par- 
ticular directions to give. The engineer who intends to 
work with embbeded circuits would of necessity have to 
refer both to materials suppliers and to specialists in the 
field. (References at the end of the article provide a number 
of selected literature sources, both government and industry. 
A good “how-to” summary published by the Squier Signal 
Laboratory is reproduced in Table IT.) 


The reader should not gain the impression that the 
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problem in properly designing and producing embedded 
assemblies is weighed with overwhelming difficulties. The 
purpose of the comments made here has been to show that 
the job is not for the amateur. The design possibilities of 
these techniques are being increasingly adapted; and they 
have wide potentialities. It is, therefore, as important to 
be grounded in the limitations, pitfalls and disadvantages 
as it is in the advantages. 

What about costs? These have to be correlated with the 
application in hand, and with long-range factors such as 
service life expected, maintenance costs saved, and use of 
unprotected components that could not otherwise be used. 
On absolute terms, of course, the embedded circuit technique 
is not competitive in initial production costs with semi- 
automatic methods used with conventional circuit assem- 
blies. But the embedded ciruit is inherently adaptable to 
semiautomatic and fully automatic assembly techniques. 
And with further progress in casting resins and in the 
availability of high-quality components, large-volume out- 
put only waits on large-volume requirements. One com- 
pany, for example, has made some 10,000 plug-in amplifiers 
in the past two or three years; not “mass production” to be 
sure but indicating sustained output. The volume of 
some currently made units for military uses may well meet 
the “mass-production” category if production figures were 
obtainable. 

Field tests after production are to be recommended. 
One source makes “use equipment” tests of embedded as- 
semblies, which is the best practice. A typical field test 
subjected an airborne piece of equipmnt containing 150 
plug-in units to 1500 hr operation at temperature conditions 
from —65 to +110 C under extremes of pressures, shock, 
vibration, temperature cycling and other ambient and en- 
vironmental conditions. Only two units showed failure. 

One more point on production: It is important to prop- 
erly translate laboratory results into large-scale production 
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340 
133 
124 
(100-mil sample) 
329 
359 


DIELECTRIC CONSTANT VS FREQUENCY POWER FACTOR® VS FREQUENCY 


Sia cesAdl 3.0 iz 








0.0256 
(at 75 mc) 


: . 0.0209 0.0234 
(at 60 mc) 
- 226 0.049 — 
264 0.025 — 
(250 mil) 
1140 






Unfilled resin 


Unfilled resin. 
Unfilled resin. 





Unfilled resin. 
Unfilled resin. 


24 hr at 180F (82C), 2.28 per cent loss, 
no checks. 


Mineral-loaded resin. Hotspot temp. 
190C 

Internal hotspot temp. 350F (177(C); 
surface hotspot 220 F (104C). 
Inorganic filler. 

Harder and more rigid than 502E 





(Range: 0.0008 to 0.0013) 


















































Contains 5 per cent acrylonitrile. 
(0.038-in.) (dissipation factor) 
610-660 <0.0003 <0.0003 At 101° dissipation factor is <0.0005. 
(dissipation factor) 
_— 0.00084 —_ Essentially a polystyrene resin. 
(dissipation factor) 
500 0.017 A polyester-styrene; gives clear water- 
(100 mil) white castings. 
419 0.0047 Unfilled hydrocarbon. Operating temp. 
range —50C to +225C. 
380 0.019 Outstanding adhesion to metals; 
(dissipation factor) operating temp. —60C to +200C. 
400-500 0.015 Operating temp. range —70 to +200C. 
(dissipation factor) High metal adhesion. 
435. _ _ 0.0263 _ Modified epoxy; high adhesion to 
metals. 
1500 (ST) Strong metal adhesion. Postcure shrink- 
age 5—6 per cent. Modified epoxy. 
— (Avg 1.13) (Avg 0.0009) REREAD 
—_ eee - eae Specific gravity from 1.4 to 0.05; 
eee 1.39 Values here for 0.4 sp. gr. 
388 (ST) 2.88 _ 0.0133 Operating temp.—65C to 150C 
(dissipation factor) 


© Heat distortion value is presumed to be under load in accordance with ASTM 0648-45T; but these values should not be confused with the upper limit of the operating temperature range 


dstep by-step method, unless otherwise noted as short-time (ST). 
€ Or dissipation factor. when so noted 


independent data,not from manufacturer or other development source 


methods. Suitable adjustments may have to be made for 
less critical reactions or tolerances suitable for the shop or 
plant. It is necessary to remember that plant personnel is 
not likely to be as well-trained in precision work of this 
nature as the laboratory technician. 


oat 


| Part Il: The Casting Resine 


HIS section will outline the properties of the better- 

known commercial and experimental casting resins. 
Table III provides a summary of such data. But no direct 
hard-and-fast comparison, property by property, between 
the various resins will be attempted here, since, obviously, 
this would be valid only if all testing conditions were 
uniform and all the tests performed by one source. 

Such evaluation tests are now underway under sponsor- 
ship of the Armed Services. It is hoped that results will 
be available at an early date and will lead to the establish- 
ment of a military specification in casting resin. In the 
meanwhile, the design engineer is best advised to (1) make 
a preliminary study of the summarized data available here; 
(2) the more extended data available from manufacturers’ 
technical bulletins; and (3) boil down the “possibles” to 
as few resins as he can before he develops the design. 

Chemically, a polyester resin is the polymerization prod- 
uct of long-chain polybasic acids with polyhydric alcohols 
such as glycols and copolymerization of this resin with a 
monomer like styrene. By selection of the type of acids 
and glycols, and by controlling the ratio of unsaturated to 
Saturated products, the molecular structure, and thus the 
properties of the final product, can be controlled within 
Practical limits to provide a desired cured system for cast- 
ing purposes. Still another method for controlling the end 
Properties is to control the concentration of the polymer 
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(longtime); up to 200C shorttime. 


in the monomer. Polyesters, it may be added, have a com- 
plicated cross-linked structure; the dielectric properties of 
the cured resin are affected by the molecular configuration. 
Compared to other casting resins, the polyesters as a 
class have certain deficiencies. Owing to high dissipation 
factor they do not qualify for high-frequency applications as 
do the styrene types, nor do they have the excellent adhesion 
to metals and low shrinkage of the epoxy group. And 
perhaps their chief defect is they do not take both ends of 
a wide temperature range; some will be good at the high 
end, others at the low, but none will serve over an entire 
range. But as against these deficiencies, they seem to offer 
the best available combination of properties if the factors 
of easy handling and low cost are also weighed. The 
polyesters as of today account for the greatest volume of 
casting resin applications. Production on a commercial 
scale is well established and there are several special types. 
Commercial Polyester Casting Resins. The Laminac 
resins (American Cyanamid Company), the Paraplex “P” 
Series (Rohm and Haas Company, Resinous Products 
Division), the Selectrons (Pittsburgh Plate Glass Com- 
pany), and the Vibrins (The Naugatuck Chemical Division, 
United States Rubber Company) are well-known casting 
resins for which manufacturers’ literature provides prop- 
erty and application data in ample detail. (These resins, 
it should be noted, also have other well-established applica- 
tions. They may be used as impregnants for laminates, 
insulation varnishes, and so on.) Owing to many types 
available, the commercial resins are also being modified 
and blended into a number of special tailor-made formula- 
tions. Some comments on a few of these resins follow: 
Melpak IV-M. Developed by Melpar, Inc., this is a 
mineral-loaded resin, highly reactive, and contains no non- 
polymerizing solvents. It cures either at room or high 
temperature. Temperature range is good—from —78 C to 
+190 C (hotspot). Heat distortion is close to 200 C. Shrink- 
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Magneto-Optic Shutter-Coil Assembly 


PRECISION embedment for a precision instrument part: 

A polyester-styrene formulation (Resin 40, Emerson and 
Cuming Company) was used to embed this magneto-optic shut- 
ter-coil assembly in a high-speed photographic equipment (em- 
ploying the Faraday-effect) developed by Edgerton, Germes- 
hausen and Grier, Inc. Since high voltages and currents are 
involved in the operation (7500 volts are impressed on the coil 
for 5 microsec with resulting flow of 10,000 amp) the design 
called for excellent insulation properties as well as good mechani- 
cal strength. To prevent corona, complete elimination of voids 
between coil windings was also essential. Another requirement 
was rigid mounting to maintain strict alignment. 

Relatively inexpensive machined steel molds were used. Coil 
was first placed on a phenolic tube, the turns held apart by nylon 
thread, then this assembly was mounted in the steel mold and 
carefully aligned. The catalyzed liquid resin was introduced 
under vacuum to completely remove.all air, then polymerized to 
a solid at atmospheric pressure and room temperature, followed 
by an oven cure. Machining to finished dimensions completed 
unit. Optimum curing cycle was worked out in the laboratory; 
it was possible to obtain two embedments per day per mold. 


age is 5 to 7 per cent. Cure time (room temperature) from 
5.5 hr to 22 hr depending on the catalyst-accelerator system. 
A post cure at 60 C is recommended. 

High-temperature processing calls first for a gelation 
period overnight at 35 C and then curing at successively 
increasing temperatures for specified periods. The cycle 
can be adjusted to compensate for any temperature-sensitive 
components. When production time permits, high-temper- 
ature cure is recommended for optimum properties. 

Vibrin Developmental Resins. In addition to their cur- 
rently available resins, Naugatuck Chemical has in an 
advance stage of development improved resins and resin 
compositions for more specialized applications. While 
maintaining the good electrical properties and low moisture 
permeability now available, these resins will approach 
more closely the ideal resin characteristics: low shrinkage 
during cure; low exotherm; rapid cure at low temperature; 
good storage life; and wider temperature range. 

CAL Resins: A casting resin developed by Cornell 
Aeronautical Laboratory to fill a specific set of requirements 
for aircraft components and for guided-missile parts has: 

1. Satisfactory electrical properties. 

2. Good mechanical strength and ability to withstand 
shock; good surface finish when cast in polished molds; 
good hardness, dimensional stability, and storage life. 

3. Resistance to high temperature and absence of melt- 
ing or softening point. (Necessary since the components 
of a missile travelling at high velocity are raised in temper- 
ature by several hundred degrees, due to friction and 
compression of air in the boundary layer.) 

4. Simple fabrication and low-temperature curing. 

A thermosetting material of adequate heat stability, 
with no melting or softening point after polymerization, 
was indicated and a polyester type was selected. Each of 
the three CAL resins (Nos. 29, 30 and 31) finally devel- 
oped is basically a combination of commercial resins, about 
78 per cent of Selectron 5003 and about 19 per cent of 
American Cyanamid’s Rezyl 1102-5, an alkyd resin used 
here as a plasticizer to add toughness to the formulation 
and reduce any tendency to cracking during cure. 

NEL Casting Resins. Polyester-type resins developed by 
the U. S. Navy Electronics Laboratory, San Diego, Calif., 
have been in practical use for some time for embedding 
subminiature circuits, and have given “highly satisfactory 
performance under a wide variety of conditions.” Resin 


112 











177, now in use, meets temperature requirement of Navy 
specifications (16E4, SHIPS, Electronic Equipment, Naval 
Ship and Shore, August 1, 1949) which requires a cast 
circuit to withstand temperatures of — 54 C to+65 C 
with circuit operating and between — 54 C and +85 C 
when not operating. Actually, internal hotspot resistance 
is 350 F (about 177 C); surface resistance is 220 F (104 
C). It utilizes Paraplex P-43 with specified ingredients. 
NEL 177 is a successor to NEL 50,51,52, also polyester- 
base resins, which are now considered obsolete. Casting is 
at room temperatures, with the cure time for small castings 
given as 24 hr. For larger casting, it is necessary to place 
the casting under refrigeration for some 12 hr after cast- 
ing. A good many of the subassemblies cast by NEL are 
for submarine devices and such factors as sound propaga- 
tion are important. It would be desirable in sonar hydro- 
phone assemblies, for example, for the resin to have sound 
propagation characteristics similar to those of sea water 
and of the crystal assemblies in the equipment. Resin re- 
search at NEL is a continuing job. A new and probably 
improved casting resin, No. 395, is under development. 
Owing to the very small degree of shrinkage with NEL 
177 (most of it, if not all, during the passage of the resin 
from liquid to gel state) the danger of crushing or distort- 
ing fragile components during polymerization is almost nil. 
As a result it is not necessary to use protective cushioning. 
Permafils. These modified forms of unsaturated poly- 
esters because of their ability to provide void-free impreg- 
nation find primary use for impregnating motor coils, 
transformer windings, aircraft ignition coils and similar 
applications. Where these resins are cast as complete in- 
sulation around coil assemblies or components, they fall 
more nearly within the scope of this discussion. General 
Electric’s Permafils are a well-known group of these resins. 
Fosterite. This (a Westinghouse development) is also a 
solventless polyester-type resin. Practically all of the appli- 
cations so far have been for the protective impregration and 
varnish-coating of small radio transformers, and at present 
all the material is understood directed to military uses. 
Formulation M-8689-1 is indicated as a “casting and fill- 
ing’ resin, but very little casting data except property 
values have been released. Processing temperature is 100 F 
(38 C). Shrinkage is high—9 per cent. Formulation M- 
9434-15 is another of the Fosterite series, but with a 
mineral filling, to reduce shrinkage to 5 per cent. Another 
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development by Westinghouse, though not a polyester, is 
a casting and filling resin derived from a mixture of tung 
oil and an anhydrous ferric-chloride solution. Shrinkage is 
of the order of 3 to 4 per cent. Operating temperature 
range is the same as for the Fosterites mentioned, from 
—60 C to +100 C. 

Stypols. A series of unsaturated polyester-type resins 
ranging from very soft materials to hard and strong at 
500 F (260 C) developed at the Mellon Institute under a 
research program sponsored by the H. H. Robertson Com- 
pany. Typical of the solventless polyesters, these evolve 
no gaseous products during polymerization. 

Stypol 502E is a mineral-filled resin indicated specially 
for casting purposes. The filler increases resistance to 
thermal and mechanical shock; no cracking is said to be 
experienced during thermal cycling down to —67 F 
(—55 C). Assemblies containing no sharp angles that set 
up stress concentrations can be operated at a maximum 
of about 330 F (165 C). Cure is at room temperature for 
about 1 hr to gel and then baking for 2 hr at 120 C. Shrink- 
age of 502E is 8.4 per cent. Dissipation factor at 1 me is 
0.02; dielectric constant, 4.23. 

Stypol 507E is harder and more rigid, provides better 
resistance under load at elevated temperature, but is not 
suitable for large units with sharp angles because of danger 
of cracking during cure or under thermal cycling. Stypols 
are being used widely in development work, with many 
applications in the restricted category. Some units are 
said to be using up to 200 lb resin per unit. Plans are 
being made for commercial production. 

Interchemical Polyesters. Interchemical Corporation has 
under development three resins, Nos. 312, 336 and 382. 
Loss tangent (cured unfilled cast resin) is of the order 
of 0.0156 to 0.0187, and the dielectric constant from 3.09 
to 3.32 for \%-in. thick specimens, tests in accordance with 
Air Force Specification 12049, 

The Styrene Group 

Styrene-based and modified casting resins have been the 

most successful in attaining the low-loss characteristics 


and the low dielectric constant necessary for application 
in high-frequency circuits. On the other hand, they have 
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these defects: poor impact strength and relatively low 
heat distortion. 

NBS Casting Resin: Developed by the National Bureau 
of Standards to provide a casting resin with superior di- 
electric properties for frequencies through the UHF range, 
this resin contains 33 per cent of 2.5-dichlorostyrene, 21 
per cent styrene, 21.5 per cent poly-2,5-dichlorostyrene, 
11 per cent polystyrene, 13 per cent hydrogenated terphenyl, 
and 0.5 per cent of a 40-per cent divinylbenzene solution. 
Peroxide catalysts are employed. The styrenes were used 
for their inherently high dielectric properties; the hydro- 
genated terphenyl serves to reduce brittleness; divinylben- 
zene to improve the heat distortion point. Casting tech- 
niques vary with the application, but essentially room 
temperature is used for the gelation period; followed by 
oven curing overnight at 50 C to 60 C. Skrinkage is 7.5 
per cent. 

Dielectric constant of the NBS resin vs frequency is 
steady from 100 to 10!° cps, ranging from about 2.4 to 2.5. 
Dissipation factor about 0.0005 over the same range. 
Limited quantities and quite high cost (about $27 per Ib 
at the last report) are the limiting factors in the wider 
use of this material, although there is some effort to put 
production on a commercial basis. In some instances users 
have formulated their own resin to reduce costs. The 
Bureau of Standards itself, however, has embedded quite 
a substantial number of high-frequency circuits since the 
resin was developed. 

AN-5 Casting Resin. A new National Bureau of Stan- 
dards resin with the main ingredients 50 per cent styrene, 
30 per cent polystyrene and 5 per cent acrylonitrile. Charac- 
teristics: Dissipation factor is 0.0010 or better over the 
entire frequency range; dielectric constant is 2.6 or less. 
Shrinkage is 9.8 per cent. Heat-distortion temperature is 
51 C, lower than for the first NBS Casting Resin, but 
other properties are of the same order. Still experimental, 
AN-5 has interesting possibilities as a low-loss resin if 
(as unofficial reports have it) manufacturing methods are 
being developed to make possible large-scale commercial 
production at low costs. 

Stycast. A completely polymerized polystyrene made by 
the Emerson and Cuming Company, with physical proper- 





amples of embedded work with 
Navy’s NEL 177 casting resin. At the 
left a low-noise, high-gain amplifier 


A. General Electric (Syracuse, N. Y., 
Works) binary scaler embedded in 
Resin 4030CM (Emerson and Cuming). 


This has properties very similar to 
Resin 40, but instead of being trans- 
parent it is a black or dark opaque 
material. Operating temperature is 
from —30C to +170C. Scalers are 
cast immediately after catalyst has 
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been added to the resin and suitably 
stirred. Casting gels overnight in a 
30-C oven, prior to baking. After’ the 
gel is firm, the casting is given a final 
oven cure for at least 6 hr at 60C. 
Specifications call for embedment to 
follow immediately after soldering of 
leads into the octal shells, so as to as- 
sure complete protection. B. Other ex- 


constructed for insertion in a deep- 
submergence SOFAR hydrophone. Cir- 
cuit also contains a relay for switching 
amplifier in and out between the hy- 
drophone and shore cable. To the right 
is an embedded amplifier used for low- 
level noise measurements in deep- 
submergence hydrophone. (Standard 
tube is for size comparison.) 
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es left diagonally down to right (molded from a 
are (a) subminiature tubes already 

coated with resilient silicone rubber 
for protection from damage during 
casting and temperature cycling; (b) a 
% x % x 2% in. standard plastics chassis 


ties essentially the same as those of pure polystyrene. It 
has excellent dielectric properties —dissipation factor 
0.00098 at 100 cps, 0.00085 at 10° cps; dielectric constant 
is the order of 2.59 over the same range. Typical of sty- 
renes, the upper temperature limit is on the low side, 85 C; 
a long curing cycle is required: 5 days at room tempera- 
ture and then oven-cure for about 24 hr at 60 C and 4 
hr at 85 C, 

Polyester-Styrene. Another Emerson and Cuming cast- 
ing resin, Resin 40, is essentially a combination of 65 per 
cent polyester and 35 per cent styrene. The presence of 
polyester resin provides a better heat distortion value (110 
C under load) than the straight polystyrene Stycast. But 
dielectric properties are not as good. This resin polymerizes 
to a hard water-white material, and is therefore useful for 
trial embedments where visual inspection is an asset. 

Resin 40 requires room temperature curing for 36 hr 
only, and then oven-cure at 85 C for 4 hr. Two other 
resins are available: 4030-CM, a black opaque material 
with physical properties much like Resin 40 but with a 
wider temperature range, from —30 to +170 C; and 
1030-CM, a high-impact resin with a still wider tempera- 
ture range, —80 C to +170 C. Both 4030 and 1030 CM 
can be processed completely at room temperature. 

Titanate-Base Polystyrene. Utilizing a polystyrene base 
with a titanate filler in a single mixture, Emerson and 
Cuming are producing a special embedment material which 
combines a high dielectric constant with low-loss charac- 
teristics. The former can be controlled between 2 and 25, 
while the dissipation factor at high frequencies is reported 
of the order of 0.001, also controllable if desired. Applica- 
tion is indicated in special assemblies where it is necessary 
to have substantial capacitance within a small space. Typi- 
cal application would be in antenna design where it is 
necessary to match impedances while reducing size. 


Resin C. An experimental resin being developed by the 
Polaroid Corporation under a Signal Corps contract. 
This is described as an unfilled hydrocarbon resin, but it 
is understood to be a styrene type. It would be classed in 
the high-frequency group, since dielectric constant is of 
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lyester unfilled Mel- 
pak IV) with molded-in pins to fit tube 
socket; (c) the plugs, resistors and 
capacitors required for the circuit; (d) 
the wired and tested assembly ready 
for embedment; and (e) the completed 


circuit embedded in Melpak IV-M. 
Weight, 0.2 lb.; dimensions, 1 x 1 x 
3 in. Ambient temperature range is 
—65 C to + 110 C, giving a hotspot 
temperature of about 165 C. Close-up 
shows assembly prior to casting. 


the order of 2.5 over a frequency range from 100 eps to 
10!° cps; dissipation factor however moves up sharply 
from 0.0008 at 100 cps to about 0.0037 at 1 mc. Operating 
temperature range is good, from —50 C to +225 C, with 
short-time exposure to 275 C possible. Shrinkage is high: 
9 per cent on curing plus 4 per cent on post cure. 


The Epoxy Group 


These resins are a reaction product of bisphenol and 
epichlorohydrin. Individual types: differ through modifi- 
cations in formulation and processing methods. As a class, 
these resins are outstanding for their adhesion to metals, 
ceramics and glass; have good mechanical strength and 
heat resistance and relatively low shrinkage. Owing to 
their exceptional adhesion to metals and consequent lack of 
corona, the dielectric strength at high voltages is believed 
to be substantialy higher than is evidenced by means of 
conventional ASTM tests. 

Araldite Resins. Developed originally by the Ciba Com- 
pany in Switzerland for casting, bonding and coating 
purposes, these resins (also termed ethoxylines) are now 
produced in the United States as well. Of the several types 
available, Araldite Resin B is the one generally used for 
casting purposes. 

It is a solid, hot-setting resin, softening at 105 C to 115 
C, flowing freely at 125 C to 135 C. Upon addition of a 
specified hardening agent, the resin becomes even more 
fluid. Used as specified, it sets under application of heat, 
but without need of pressure. Curing process is a conden- 
sation reaction; no volatiles are split off. Temperature 
control is not critical. Amount of shrinkage is relatively 
small. Hardening takes place at 90 C, and for best results 
final cure can be effected in 4 hr at 150 C. On this basis, 
shrinkage will be between 1.5 and 1.9 per cent. 

Shrinkage may be reduced to about 0.5 per cent if the 
resin is cured for 24 hr at 110 C. Moisture absorption is 
probably the lowest of the epoxy group—0.10 per cent. In 
adhesion to leads, Araldite is considered “tops.” Since no 
plasticizers are used in the formulation, the resin shows a 
high order of stability in the cured state over extended 
periods of time and over a considerable temperature range. 
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Heat-distortion value (no load) is abount 170 C. 

Cold-impact characteristics are interesting. At —80 C, 
impact strength of the cured resin has been reported as 
only 10 per cent less than at room temperature. This is a 
particularly useful property in applications where severe 
thermal cycling occurs, or where exposure to low temp- 
eratures for extended periods is necessary. Dissipation 
factor is of the order of 0.020 at 1 mc; dielectric constant, 
about 3.7. 

A precision application for Araldite B in servomotor 
rotors and coils for military equipment calls for unusually 
close tolerances—total clearance on final rotor is under- 
stood to be 0.0005 in. and total shrinkage is almost nil. 

Ciba is also developing these new Araldite resins: 

Resin D is a room-temperature low-viscosity resin with 
a pot life of 1 to 12 hr, depending upon the catalyst. 
Resin F is a room-temperature, heat-hardening resin, 
curing in 7 hr at 160 C. Pot life at 120 C about 6 hr. 
Viscosity at room temperature about 30,000 centipoise and 
very much less at 100 C. Resin G is heat-hardening with 
viscosity about equal to water. Pot life is outstanding— 
about one week at 20 C. Curing time is slightly longer 
than for Araldite Resin B, 14 to 24 hr at 140 C. Electrical 
properties of all correspond closely to Araldite B. 

Epon Resins. These resins are made by Shell Chemical 
Corporation in both solid and liquid types. The solid resins 
have found wide application for protective coatings that 
exhibit unusual properties of resistance to corrosion and 
adhesion to metal surfaces. The lower-molecular-weight 
liquid resins concern us here as casting resins. To date 
they are still largely experimental. 

The liquid Epon casting resins cure at low temperatures 
ranging from room temperature up. Experimental Epon 
RN-48 (with 5 per cent piperidine as hardening or curing 
agent) can be cured in 24 hr at 60 C, or in 2 to 3 hr at 100 
C. In comparison, Araldite B (with its specified hardener ) 
requires 110 C for the 24-hr period. Shrinkage for Epon 
however is greater, since it is 2 per cent during gelation 
and 2 per cent after gelation. Operating temperature for 
fully cured Epon resin is from —70 C to +200 C. The 
later figure is given as a “no-load” heat distortion value. 
Dielectric constant at 1 me is 3.7, about the same order as 
for Araldite. Dissipation factor at 1 mec is 0.015, some- 
what lower. 

Hysol Resins. Modified epoxy resins developed by the 
Houghton Laboratories comprise Hysol 6000PR and 6500 
which require heating to effect cure and 6020 which can 
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HIS recording head is cast in epoxy-type Araldite Resin B 

by Melpar under a development contract for the Electronics 
Divisions, Bureau of Ships. Advantages attained: maintain gap 
width; protect the head from moisture, acceleration, shock and 
tampering. Casting also made it possible to design a much smaller 
head than the conventional types since lamination clamps were 
not needed. Dimensions: % in. diam by 1% in. length, including 
mounting nut. Weight: 12 gm. Details of construction follow: 
Stainless steel fork-shaped mounting supports laminations and 
coil. Mounting fits in a 4-in.-diam hole in a X-in.-thick base plate. 
Wire to coil passes through a center hole in the mounting, Lam- 
ination stacks are mounted in the fork so that the recording gap 
is on top of the unit. Coil is wound on a nylon bobbin and the 
completed head is then cast in the resin. Magnetic circuit con- 
sists of two %-in.-thick stacks of 0.006-in.-thick molybdenum 
Permalloy hydrogen-annealed laminations selected because of 
low hysteresis loss and high permeability. Performance has been 
compared with other commercial makes of heads and has been 
found to be equal to or superior to them. (Araldite resins are a 












































be cured at room temperatures. Although properties of the 
latter are lower, its low-temperature cure is an important 
asset where higher temperature may adversely affect the 
quality of components or the structure of the unit being 
cast. Cure temperatures for 6020 are: 18 C to 20 C for a 
24-hr cure; 40 C to 50 C for 3 to 6 hr; and 55 C to 60 C 
for a 2-hr cure. Characteristic epoxy-resin properties are 
exhibited. 

Houghton has specialized in casting small parts, such 
as transformers, rectifiers, resistors, TV deflection yokes. 
A typical application is embedment of ceramic high-voltage 
capacitors for Electrical Reactance Corporation. This is 
a production-type operation with 15,000 units per day. 

Process calls for injecting the casting resin into the mold 
around the ceramic body and allowing the resin to cure 
rapidly in a cycle of 25 min. The cast capacitors are then 
ejected hot. After casting, a radius is machined on the 
surface by a specially designed automatic machine. 

3-M Casting Resin. Newcomer to the epoxy field is 
Resin R-1433, a modified type developed by Minnesota 
Mining and Manufacturing Company. It is still in the ex- 
perimental class. This is a solid resin and requires heating 
prior to casting until liquified at 225 F to 250 F (107 to 
121 C). Curing (gel period) takes 2 to 4 hr at 250 F to 
275 F (121 to 135 C); final cure takes 2 to 4 hr at 300 F 
to 325 F (149 to 163 C). Where practical, an 8-hr or over- 
night cure at 250 F is recommended. No volatiles are formed 
during cure so there is a minimum of shrinkage. From the 
preliminary data it seems to offer somewhat superior hard- 
ness and toughness than the other resins in the group. 
Modification is with diallyl phthalate. Specific case history 
data are not yet available. 

Bakelite C-8. Another experimental epoxy-type resin 
which is marked by very high mechanical strength; but 
here again very limited experience data have been released. 

Other Experimental Resins. It is understood that a co- 
polymer of polysulfide and epoxy resins is under investiga- 
tion by the Thiokol Corporation. Purpose is to develop a 
resin with better flexibility than the regular epoxy group 
while retaining some of its inherent advantages. 


Other Casting Resins 
Several other resins—experimental and commercial— 
have interest as an embedment material: 
Castor Oil Polyurethane: Known for convenience as 
COPU, this resin has been developed by the Plastics Lab- 
oratory, College of Engineering, Princeton University, 
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under a Signal Corps research contract sponsored by the 
Army, Navy and Air Force. Outstanding features are 
toughness and elasticity and the negligible shrinkage on 
cure (1 per cent or less), much lower than in polyester 
and styrene resins, and also lower than in the epoxies. 
Owing to its elasticity there are no excessive strains set 
up in the cured resin. Operating temperature range is 
—65 C to +200 C for short-time operation (1 hr) and 
—65 C to +150 C for longer periods (3 weeks). COPU 
is a chemically neutral compound and will not corrode em- 
bedded components. Dielectric properties are not suitable 
for high-frequency applications: dielectric constant is 2.88 
at 1 me, dissipation factor, about 0.013. 

Applications to date have been primarily for embedding 
Class A transformers for JAN T-27 specifications. There 
is no commercial production, but methods of formulations 
are not proprietary and are detailed in published reports. 
COPU is cured at room temperature for 24 hr, followed 
by baking for about 30 hr at 50 C. Basic composition is 
castor oil and toluene diisocyanate. 

Foam-Type Embedment Resins. The desirability of 
foamed or expanded resins for embedment applications has 
already been noted, since these resins will minimize one of 
the objections to the casting technique—added weight. As 
against this factor, however, the foamed resins have poor 
thermal dissipation and also have poor heat distortion. 

Melpar, Inc., is working with several development resins 
of this character, and have attained specific gravity values 
from 1.4 down to 0.05. A resin with a specific gravity of 
0.4 has a dielectric constant of 1.39 and a power factor of 
0.0163 at 108 cps. Pressure of 3200 psi is necessary at room 
temperature to compress the material to 50 per cent of its 
expanded volume. Up to this pressure, little or no permanent 
distortion is encountered, and, on relieving this pressure, 
the mass returns to its original volume. These resins are 
medium-viscosity fluids and are foamed in place at approx- 
imately 60 C. Water resistance is good. Heat distortion is 
about 100 C. 

Basic ingredient in the Melpar foamed resins is diiso- 
cyanate, which has two difficulties: its lack of stability and 
its high cost. Melpar states it has been successful in get- 
ting the diisocyanate content down to about 5 per cent. 
(German practice in early development of foamed diiso- 
cyanates called for 35 per cent.) 

Emerson and Cuming are also developing foamed em- 
bedment resins. These foamed materials may be applied at 
room temperature. They are usable continuously at 150 C, 
and for short periods at 200 C. They contain no diisocyanate. 

It is claimed that resulting castings have good electrical 
properties, provide good hermetic sealing and structural 
strength, plus, of course, low density. As to lack of thermal 
dissipation, it is felt that the problem is not necessarily an 
obstacle, since even with straight casting resins it is ad- 
visable to design for thermal dissipation. 

The Lockheed Aircraft Corporation has for some time 
been producing a foamed resin identified as Lockfoam, 
which is understood to be a diisocyanate type, with excel- 
lent dielectric properties and a heat distortion point re- 
ported as 93 C. But practically all current applications are 
in the restricted category and very little information has 
been divulged directly as to property and specific uses. 

It may be noted that foamed resins appear clearly to be 
indicated for guided missile use,, where low density and 
good mechanical strength are good assets for embedment 
of telemetering and other electronic apparatus. 

Low-Loss Melpar Resin. Now in development stage by 
Melpar (composition not revealed) is a low-loss resin 
which is intended for use in high-frequency, high-im- 
pedance circuits, operating over a wide temperature range. 
Indications point to a resin with a dielectric constant of 
2.5 and a power factor of less than 0.01 at 108 cps. It has 
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already been used over a range of —65 C to +160 C, and 
appears capable of standing up to close to 200 C. Low-cost 
production is planned. 

Polyethylene. With relatively slight pressure and at ele- 
vated temperatures, the low-molecular polyethylenes can 
be made to flow into and around compact and intricate cir- 
cuit assemblies. Injection- or modified compression-molding 
techniques are used to mold such castings. Du Pont mate- 
rial has been used in this manner by the General Electric 
Company to encase the potential coil of a watthour meter. 
With this combination impregnation and casting the coil 
stands up to about 15 kv under impulse and 10 kv under 
60-cycle breakdown. This method is suitable for large- 
scale production, at a rate of one unit in less than 2 min. 
Commercial sources for polyethylenes are Bakelite and 
Du Pont. Emerson and Cuming report production of cast 
antenna housings from medium-and high-molecular-weight 
polyethylene. 

Dip-Coating Resins. Much interesting work is being done 
with dip-coating compositions based on polyvinyl plastisols, 
phenolics and polyesters. Advantages claimed: Elimina- 
tion of molds, decrease in weight, improved heat dissipa- 
tion. By successive dipping, thick coats may be built up 
of excellent mechanical strength. Electrical properties at 
high operating temperature may not be adequate. This 
technique, however, does not quite fall within the scope 
of our discussion here, and is mentioned only as of related 
interest. 

Phenolics, Furanes, Acrylics. Casting grades of these 
resins are well known in certain applications, but their use 
in embedded circuit assemblies is not practical. The phenol- 
ics and furanes require catalysts of strong acidity that may 
injure circuit elements; the acrylic monomer when cast 
has excessive shrinkage and other undesirable features. 

Reference has been made frequently to the use of catalysts 
and promoters (or accelerators) during a casting process. 
A brief explanation of their function may be _ useful: 

Polymerization begins immediately upon the addition of 
the catalyst to the resin and picks up speed rapidly. The 
process is exothermic and during a room-temperature cure, 
a heat build-up occurs which may cause undesirable strains 
and fractures since the exothermic rise on one hand causes 
expansion in circuit elements while the gelling of the resin 
mass causes it to shrink. The function of the promoter, 
which is added separately, is to accelerate and fix the gel- 
ation before such strains occur. 

Promoters are particularly indicated where large resin 
masses are involved, and where flexible molds inhibit a 
good distribution of exothermic heat. The use of promoters 
at higher temperatures may not be needed, particularly 
where the casting resin is loaded with an inert material, 
which helps to dissipate heat and relieve strains. 

Catalysts and promoters are commercially available in 
many types, sufficient to provide a flexibility of selection 
and end result. A discussion of their characteristics, how- 
ever, would be beyond the scope of this review. 
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3 Part Il : Applications; Summary . 


TP'HE design possibilities of the cast-resin technique for 

embedding circuit subassemblies and components are 
amply illustrated in the case histories that accompany this 
text. Other indications have been made during the discus- 
sions in Parts I and II. Paradoxically, the most revealing 
evidence of the significance of this technique is the fact 
that we cannot talk very much, if at all, about so many 
current applications, owing to security restrictions. 

But it is known that the cast-resin assembly is already 
being widely used in military equipment, and much ad- 
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vanced development work is being done in the Armed 
Services and in such government agencies as the National 
Bureau of Standards. Completely encased microwave sys- 
tems, undersea electronic devices, and electronic gear in 
guided missiles are typical. In summary, then: 

A. The cast-resin embedded assembly is developing as 
a major factor in miniaturization of electrical and elec- 
tronic equipment. It is actually also a form of ruggediza- 
tion. It is both part of ard a complement to unitized con- 
struction. It can take advantage of printed circuits. Within 
this framework of equipment design, it is characterized by 
the modular concept. As to relative merits, in comparison 
with other types of hermetic sealing, the cast-resin assem- 
bly may be given this “report-card”: 

1. Excellent as a rigid mechanical package, resistance 

to shock, vibration, even submergence. 

2. Poor to good as to temperature resistance. 

3. Inherently only fair as to heat dissipation, but can 
be uprated by proper design. 

Poor to excellent as to loss factor at high frequencies. 
Excellent for protection against humidity, fungi and 
other environmental conditions. 

6. Excellent for ease in replacement as a complete unit 
on an expendable basis. 

Poor, if the service to which the unit is put calls for 
repair of individual elements within the assembly. 
8. Good to excellent as a means for simplifying the 
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|  Epoxy-Resin Cast Units 





the resin’s excellent adhesion to metals 


component as well as the overall elements of equipment. 
9. Excellent ability to withstand acceleration. (Some 
units reported as withstanding up to 250 G.) 

The technique is no panacea for equipment miniaturiza- 
tion; but it is an effective tool when properly applied to 
an appropriate application. The favorable elements in this 
score have influenced much of the use in military equip- 
ment. What is most important perhaps is the fact that 
this is a rapidly growing technique and the possibility of 
changing over some of the “poor” and “fair” marks to 
“good” and “excellent” are reasonably bright. These pos- 
sibilities wait only on the culmination of “work in progress” 
on improved casting resins and more reliable components. 
It is perhaps significant that companies specializing in the 
design and fabrication of cast assemblies have turned to 
making their Gwn components and resin formulation. 

B. These resins are also used to advantage for casting 
insulation around transformer windings, reactor and motor- 
coil assemblies, and like applications. They are also utilized 
in casting housings for capacitors. Modified injection- 
molding techniques have been utilized in certain applica- 
tion of this nature, during which the housing is polymerized 
around the component. In another type of application, a 
large housing may be injection molded and then the casting 
resin is poured around the component to form the com- 
plete sealed unit. Ooo 

(See next page for Acknowledgments and References) 





high shrinkage of conventional potting 


A. Three views of a commutator in 
which the metal inserts have been cast 
in Araldite Resin B. The resin’s out- 
standing adhesion to metals is an essen- 
tial characteristic in this type of ap- 
plication. B. Cast metal parts of a 
contactor. C. Capacitors are encased 
with Araldite B to provide complete 
sealing and protection against atmos- 
pheric and other conditions. Here too 
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and ceramics plus a good combination 
of mechanical and dielectric proper- 
ties are basic factors. D: Transformer 
cast in Araldite and then sawn into 
sections shows thorough penetration of 
the resin. Availability of this class of 
resins with low shrinkage rate and no 
exothermic reaction has served to sub- 
stantially broaden the field of trans- 
former design, since previously this 
casting technique has been limited by 


resins and the highly exothermic na- 
ture of the curing reaction. Recent de- 
velopments include some successfully 
accomplished large castings for out- 
door power transformers. Low shrink- 
age during cure makes possible large 
castings up to 200 Ib that remain di- 
mensionally stable and do not develop 
internal strains on extended use. (Trans- 
former illustrated made by Mullard 
Equipment, Ltd., England.) 
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BLECTRODEPOSITED COATINGS 


While the large number of plating specifications currently in use 
suggest a confusing picture for the designer, most of the standards 
fall into a fairly consistent pattern. Comparable specifications are 
tabulated, and the kinds and uses for plated coatings are discussed. 


FIELDING OGBURN 


Chemist 


National Bureau of Standards 


LATING is most frequently used to protect the 

structural basis metal from corrosion or the chem- 

ical action of the environment. Also of importance 
is the use of plating for purposes of appearance, when 
a bright, tarnish-resisting finish is needed or a desired 
color such as silver or gold. Other uses may involve 
such properties as hardness and wear resistance, or 
thermal and electrical conductivity. In general it can 
be said that the purpose of plating is to impart new 
properties to the surface of a metal. 

These new properties are, of course, limited to the 
properties of the metals which can be deposited. The 
metals most frequently electrodeposited are cadmium, 
zinc, chromium, nickel, copper, brass, lead, tin, silver, 
and gold. Other metals such as cobalt, manganese, 
rhodium, palladium, platinum, antimony, and bismuth 
can also be electrodeposited, as well as a number of 
simple alloys; but for economic or other reasons they 
are not deposited except for unusual or special purposes. 

Electroplated coatings can be divided into two groups: 
sacrificial and noble. Sacrificial coatings generally cor- 
rode more readily than the basis metal and noble coat- 
ings generally corrode less readily. Sacrificial coatings 
have the property of protecting the basis metal even 
where small areas of it may be exposed by scratches 
or minor defects in the coating. This protection is 
exerted by electrolytic or “galvanic” action in which 
the sacrificial coating becomes anodic and its rate of 
corrosion increases. The noble basis metal becomes 
cathodic and its corrosion is suppressed or prevented. 
Because of this behavior, which led to the designation 
of zinc-coated iron as “galvanized iron’’, the basis metal 
is protected as long as some of the sacrificial coating 
is adjacent. The most common examples of sacrificial 
coatings are zinc and cadmium on steel. 

Noble coatings generally corrode quite slowly and 
the protection they offer to the basis metal is obtained 
by sealing off the basis metal from the atmosphere. If 
any basis metal is exposed, as through a scratch, it 
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will corrode at a rate which may be faster than normal. 
In practice it is found that most plated coatings less than 
0.001 in. thick have minute pores or discontinuities 
through which the basis metal is attacked. Typical ex- 
amples of noble coatings are nickel or chromium on steel 
and silver or gold on steel or brass. 

In choosing a coating for protection against corrosion, 
other desired properties must also be considered. In 
general when appearance is unimportant a sacrificial 
coating is used, usually zinc or cadmium. Such coatings 
will not retain a pleasing appearance as they tarnish 
rapidly. Frequently zinc and cadmium coatings are given 
a supplementary chromate treatment, which retards the 
initial corrosion of the coating and adds somewhat to its 
life. It also serves to suppress the formation of the 
voluminous corrosion products of zinc which are quite 
detrimental for some applications. Supplementary phos- 
phate treatments are also often applied to zinc and cad- 
mium coatings to provide a paint base. 

If appearance is important, a noble coating is generally 
used. Thus silver plating is used on tableware, gold plat- 
ing on jewery, and brass plating on lighting fixtures and 
hardware. An excellent coating system is that used for 
decorative “chromium” finishes, which are substantially 
nickel with a “flash” or very thin layer of chromium. 
The nickel provides most of the protection while the 
chromium provides a bright, tarnish resisting surface. 
Frequently a layer of copper is employed between the 
nickel and the basis metal. Specifications for these 
nickel—chromium coatings generally permit the use of 
this copper layer, but do not require it except on zinc and 
zinc-base alloys. 

If wear resistance is the prime consideration, thick 
coatings (0.001 in. or more) of chromium are excellent, 
since chromium is very hard. For electrical conductivity, 
copper or, better yet, silver coatings are used. 

Frequently overlooked is the wide range of certain 
physical properties that can be obtained with a given 
metal when it is electrodeposited. These ranges may be 
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substantially wider than those obtained when the same 
metal is cast or rolled. Thus nickel may be electroplated 
with a vickers hardness of anywhere from 150 to 800, 
with a tensile strength of from 50,000 to 220,000 psi 
and with an elongation of from 1 to 40 per cent. Other 
properties of nickel and other electrodeposited metals 
can often be varied at will within certain limits by 
proper control of the plating conditions. Nickel, copper, 
and chromium have been extensively studied from this 
point of view, yielding knowledge of practical value. Not 
as much, however, is known about the properties of 
other electrodeposited metals. 

In selecting plated coatings, contact potentials of dis- 
similar metals may have to be considered. Many times, 
the prime purpose of a plated coating may be to avoid 
a detrimental coupling of dissimilar metals. This contact 
or coupling is of little concern in dry climates, but if 
the couple is exposed to moisture, excessive corrosion of 
one of the metals may take place. The kinds of metals 
forming these couples determine in large part their rates 
of corrosion. In general, a relatively noble metal acceler- 
ates the corrosion of a less noble metal. Therefore brass 
or steel bolts should not be used in contact with alu- 
minum parts. However, if such bolts are plated with 
cadmium, electrolytic corrosion of the aluminum is re- 
tarded or eliminated. 

There are several requirements which appear in most 
specifications for electroplated coatings regardless of the 
particular coating involved. One of these is the require- 
ment for satisfactory adhesion of the coating to the basis 
metal. Although this is a very important property, only 
crude qualitative tests for good adhesion of coatings on 
finished articles are available. Another requirement is 
appearance, which is not defined quantitatively since no 
suitable method for measuring it has been devised. 
About all that is done in most specifications is to require 
“bright”, “dull”, “matte”, or “satin” finishes. 

In an effort to measure their protective value, metals 
with noble coatings are frequently submitted to a salt 
spray test. This test involves exposure of samples to a 
standardized salt water spray or fog, the usual require- 
ment being that the basis metal does not show “appre- 
ciable corrosion” at the end of a specified period of time. 
The length of time depends on the metals involved and 
on the coating thickness. The salt spray test is an ac- 
celerated corrosion test, the results of which bear little 
relation to actual service conditions. It may, however, 
serve as a check on relative quality of given coatings. 
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A great deal of attention is given to coating thickness 
requirements, because the thickness very often deter- 
mines the life of the coating. In addition, the thickness 
of a coating is readily defined, easily measured, and can 
be closely controlled in the plating operations. Hence, 
virtually every plating specification sets forth thickness 
requirements. 

Thickness is generally specified as either “minimum 
average thickness” or “minimum thickness at any one 
point”. The difference between the average and local 
thickness may be quite large and hence important. Even 
with the best plating practice there is generally a wide 
variation of plating thickness over the surface of an 
article. Edges, corners, and convex areas will have 
thicker coatings, and concave areas receive thinner 
coatings. The actual plating conditions may also affect 
the distribution of the coating. Hence it is important 
not to confuse the two types of thickness requirements. 
In most cases a plated coating is only as good as its thin- 
nest part and newer specifications generally refer to the 
minimum thickness rather than the average thickness. 

\ctual thickness specified will depend on the basis 
metal, the coating metal, and the type of service to 
which the article will be subjected. For a given degree 
of protection, steel requires thicker coatings than brass. 
Thicker coatings are required for outdoor than for in- 
door use. Specifications prepared by the American So- 
ciety for Testing Materials and the American Electro- 
platers’ Society for electrodeposited coatings are sum- 
marized in the accompanying tables to serve as a guide 
for many applications of plating. 

One very important result of the publication of the 
ASTM-AES plating specifications has been to stand- 
ardize coating thicknesses in the plating industry. For 
example, if an article is to be zinc plated, a designer 
should generally specify a thickness corresponding to 
one of the three classes of the ASTM-AES specification 
on zine plating, unless there is a good reason for some 
other thickness. This practice has enabled the plating 
industry to standardize its operations and equipment 
and thereby reduce costs, especially in large plating 
plants using automatic equipment. Conversely, a de- 
signer will often find it a disadvantage to call for a coat- 
ing thickness not appearing in the specifications. 

The minimum thickness requirements of many plating 
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ASTM - AES, Al64 0.001 


0.0005 
0.00015 
Army-Navy Aeronautical, 
AN-P-32a 


0.0005 
External threads 0.0002 
External parts of sea- 


planes and amphibians 0.0010 


U.S. Army, 57-0-2C 0.001 


0.0005 
0.00015 


0.0005 


0.0003 
0.0002 


0.0005 
0.0002 
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U.S. Army, 72-53 


External threads 


Navy Department, 46P2 
External threads 








specifications apply only to “significant surfaces”. These 
surfaces are variously defined in terms of what can be 
seen, and/or what can be touched with a 34-in. sphere 
either before or after assembly. These limitations are a 
recognition of the fact that it may be expensive and 
difficult to plate substantial thicknesses into recessed 
areas, and that when appearance is the chief factor, the 
coating is important only where it can be seen. 

Needless to say, the electroplater has many problems, 
some of which are of no concern to the designer, but a 
number do have a direct relation to the design of the 
article to be plated. Buffing, for example, is a step that 
is often required in the production of bright finishes. It 
can be a very difficult operation when the pieces are of 
intricate shape or design. On the other hand, with prop- 
er design, many articles may be buffed on automatic 
machines at much less expense than by hand. In gen- 
eral it can be said that the buffing operations will be 
simplified if intricate designs, irregular shapes, recesses 
and sharp corners are avoided. 

In the plating operation itself, the shape of the article 
is also of importance. The nature of the process is such 
that it is difficult to plate enclosed surfaces and recessed 
areas such as the inside of tubes, inside corners, and sur- 
faces of cavities, whereas metal is deposited most readily 
on convex areas. This results in a local build up of metal 
which can materially change the shape of the contours, 
particularly at sharp corners. A good practice therefore 
is to design the article so that corners and edges are 
rounded rather than sharp, with recesses and irregular- 
ities kept to a minimum. 

large numbers. of small articles are often plated in 
bulk by a barrel plating process. This method does not 
require individual handling and racking, but it is limited 
to small pieces which will not catch or nest in each other 
and will not be damaged by tumbling. 

Most plating is done on racks in tanks. Each piece has 
to be suspended in a plating bath with a good electrical 
connection to the piece. Frequently the pieces are 
mounted on racks suspended in the bath from electrical 
bus bars. This practice is generally followed when auto- 
matic equipment is used. The maintenance of electrical 
contacts on the racks often presents real problems. Some 
articles are difficult to rack in such a way that the de- 
sired surfaces will be plated, and so that rack and tank 


Table I1l—Specifications for Nickel Plating on Steel 


Minimum thickness, in. 
Total 


Copper ¢ Nickel Chromium 


0.00001 
0.00001 
0.00001 
0.00001 


Nickel 


MIL-P-6859 
(Formerly AN-P-34a) 
U.S. Army, 72-53 0.00125 
0.00075 


U.S. Army, 57-0-2C| F. S. 0.00125 
0.00075 


0.0004 


* When copper is used in excess of a thickness of 0.0001 in., its thickness shall 
b be 0.00075 in, 
If required. 
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Table 1V—Specifications for Nickel Plating 
on Copper and.Copper-Base Alloys 
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ASTM - AES, B141 







Minimum thickness, in. 
Nickel Chromium 
0.00001 
0.00001 
0.00001 


* 












MIL-P-6859 
(Formerly AN-P-34a) 


U.S. Army, 72-53 





oe 






I 0.0005 0.00001 
0 0.0003 0.00001 


*€ \f required 





space will be used most efficiently. If not done cor- 
rectly, the plated coating may be thin or non-existent 
on areas shielded by the rack or by other articles on the 
same or other racks. Recessed areas might not then re- 
ceive as much coating as they would have with better 
racking. This is all related to the fact that by proper 
design, racking and plating problems can be simplified. 
Sometimes special projections on articles can be pro- 
vided to make racking easier, in other cases holes or 
lips at the back of a piece will serve this purpose. 

When designing parts with close dimensional toler- 
ances, the thickness of the coating should not be for- 
gotten. A maximum, as well as a minimum thickness, 
might then be specified. Some types of articles can be 
plated within the tolerances allowed. Otherwise they 
may have to be overplated and then machined or 
polished to the specified dimensions, Standard threaded 
parts such as nuts and bolts are generally plated with a 
thin coating, if this is adequate. A thick coating on such 
parts requires prior undercutting of the threads which 
should be avoided. When soft metals such as zine and 
cadmium are applied, thick coatings on undercut threads 
will result in weaker assemblies. In certain instances, 
there may not be much to be gained by plating threaded 
parts for corrosion resistance because the complemen- 
tary parts may protect each other after assembly. 

Thousands of specifications for plated coatings are 
issued and used by different government agencies, and 
are so numerous that no complete listing of them has 
ever been made. To avoid duplications and conflicts and 
to simplify and standardize the plating requirements of 
specifications, a new series of Federal Specifications on 
plated coatings are being prepared. These specifications 
are to be of a general nature, setting forth grades and 
types of coatings and the generally applicable require- 
ments. It is expected then that specifications for a given 
item, such as radio chassis, will incorporate or be based 
upon the appropriate general plating specification. All 
agencies, both military and civilian, would be expected 
to use these specifications wherever they are applicable. 

In the past, the Army, Navy and Air Force have 
issued their own specifications and in many instances 
the individual bureaus and agencies of these departments 
have issued specifications. At present, however, all mili- 
tary specifications are issued by one organization and 
are designated as MIL Specifications. Eventually all 
military specifications will be replaced by MIL or Fed- 
eral Specifications. At present, the general practice of 
the military agencies is to use Federal Specifications 
whenever applicable and to use MIL Specifications only 
when Federal Specifications are not available. Similarly 
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Table Vi—Specifications for Chromium Plating 


[sma | cnn | 
ASTM - AES, Thin, decorative 0.00001 

A166, B141, B142 (over nickel plating) 0.00001 
MIL-P-6871 I - Thin, decorative 0.00002 

(Formerly AN-P-39a) I - Heavy, service 0.002 


U.S. Army, 57-0-2C Thin, decorative 


(over nickel plating) 
U.S. Army, 72-53 


Heavy, service 
Bureau of Ordnance, 
46P4(Ord) 


0.00001 
0.0002 


0.00002 


As specified in 
contract or order 


Thin, decorative 
(over nickel plating) 


I - Decorative 
(over nickel plating) 
TI - Service 


specifications of any military unit are used only if ap- 
plicable specifications of larger units are non-existent. 

Many of the present Government Specifications on 
plating are based on the ASTM-AES specifications and 
future Federal Specifications will no doubt follow them 
closely. The ASTM-AES specifications were written 
by experts in the plating field and by representatives 
of the manufacturers, supply houses, and consumers. As 
a result, these specifications are used frequently as a 
guide and basis for writing other specifications that in- 
volve plated coatings. 

The accompanying tables give the thickness require- 
ments set up by a number of these plating specifications. 
These might be called the basic plating requirements for 
the Army, Navy, Air Force and Civilian Agencies. 
Other specifications will frequently refer to these for 
plating requirements. It is expected that several of 
these will be replaced by Federal Specifications within 
the next few years. These replacements will not in- 
troduce any serious changes since the new Federal 
Specifications will probably use the ASTM-AES thick- 
ness classes as do most of the present military speci- 
fications. 

In these tables, the letters used to designate the classes 
of the ASTM-AES specifications have no significance 
except that the second letter indicates the basis metal. 
The thin decorative coatings of chromium are for ap- 
pearance only and are generally applied over nickel 
coatings. The heavy or service chromium coatings are 
used primarily for wear resistance, and the thicknesses 
vary widely depending on the particular application. 

The ASTM-AES thicknesses are higher for zinc 
Table II, than for cadmium, Table I. It should not be 
inferred from this that cadmium coatings furnish better 
protection than zinc coatings. In general these two 
metals corrode at about the same rate, though in indus- 
trial atmospheres zinc coatings last somewhat longer 
than cadmium coatings. Actually classes N. S. and T. S. 
for cadmium correspond respectively with classes L. S. 
and R. 5. for zine. Class G. S. for zinc has no equivalent 
cadmium class because industry has found it more 
practical to use zinc instead of cadmium for thick coat- 
ings, principally because of the higher cost of cadmium. 

In addition to the differences in thickness require- 
ments, these specifications and others are unlike in a 
number of details. The designer, however, is not con- 
cerned with most of these differences which involve 
such things as sampling schedules, methods of test, 
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Table Vil—Specifications for Lead Plating 


Specificati Minimum thickness, in | 
pecification Copper ome 


ASTM - AES, B200 
U.S. Army,57-0-2C 


U.S. Army,72-53 


Copper and 
copper-base alloys 
External 
threads 


definition of terms, and quality of work. On the other 
hand, he will have to be on the lookout for differences 
in the definition of “significant surfaces” and for the 
occasional use of minimum average thickness instead of 
minimum Jocal thickness. 

There has been some confusion over permissible 
couples or contacts between dissimilar metals. This has 
arisen because there is no one simple way for the layman 
to determine whether a given couple will give satisfac- 
tory service. It is not possible to set down a scheme or 
set of rules to be used by an inexperienced person to 
meet all possible combinations of metals and service 
conditions. Consequently inspectors have been given 
different instructions regarding which couples to allow, 
and the designer is confused. 

One scheme for evaluating couples involves the use of 
a table of “contact potentials” which a chemist will recog- 
nize as the electrochemical series. The difference be- 
tween the potentials of two metals should then be less 
than some specified value. This method is at best only 
a rough guide and in certain cases leads to erroneous 
results. A better scheme divides the metals into four 
groups. A metal may then be coupled only with another 
metal within the same group. 

At the present time, when the supply of metals does 
not meet the demand and the Government curtails the 
use of some metals, the plater and the designer of plated 
parts will have to make many adjustments to meet the 
situation. 

One obvious way to conserve metals in plating is to 
use less metal, either by applying thinner coatings or 
none at all. Cutting down the coating thickness will 
usually give an inferior, less protective coating. In 
some instances this weakness can be compensated for 
by the use of paints or other organic coatings. In other 
cases, one can find a substitute metal. With the present 
scarcity of cadmium, zinc may be substituted for many 
uses. Copper may be substituted for part or all of the 


Table V—Specifications for Nickel 
Plating on Zinc and. Zinc-Base Alloys 


Minimum thickness, in. 


Specification Total 
0.0004 | 0.0005 | 0.0000 
0.0003 oo 2.000 
0.0002 


Copper + Nickel 
ASTM - AES, B142] F. 
ELECTRICAL MANUFACTURING 


0.00125 
0.00075 


0.0005 































nickel in coatings on steel, but with some reduction 
in protective value. Lead can sometimes be used in 
place of zinc, and tin and tin alloys have been suggested 
as substitutes for copper and nickel coatings. 

Frequently the thinnest coatings that can be applied 
practically by hot-dipping methods, such as hot-dipped 
zinc or tin on steel, are thicker than necessary for certain 
uses. In such cases metal can be conserved by electro- 
depositing thinner coatings, as in the canning industry 
where electrolytic tin plate with coatings of about 0.5 Ib 
per base box (0.00003 in. thick) are substituted for hot- 
dipped tin with 1.5 lb. per base box (0.00009 in. thick ). 

Where a given metal is used for its surface properties 
the product can sometimes be redesigned to permit the 
use of a more plentiful metal that meets the structural 
requirements ; plating is then added to secure the desired 
surface properties. For example, a coating of chromium 
may serve to obtain high resistance to abrasion on a 
low-carbon steel, instead of using a hardened alloy steel. 
Or plated coatings may be used for the conducting sur- 
faces of ultra high frequency equipment such as wave 
guides and other radar components. There are, how- 
ever, no general Government specifications setting forth 
the plating requirements. For such items, the basis metal 
is selected by the criteria of cost, availability, and ease of 
fabrication. Where high conductivity is required, the 
plated coating is selected primarily on the basis of con- 
ductivity, and secondarily on the basis of corrosion and 
tarnish resistance. Thus, wave guides may be made of 
any of a number of basis metals plated with a metal of 
high conductivity. 

In practice, wave guides are usually made of brass 
or copper with no plating. Some have been made of 
aluminum. Frequently, silver plating on brass is used 
for radar components while silver on nickel on stainless 
steel, and palladium on silver on brass have been used. 





Table Vill—Specifications for Tin, Silver and Copper 


A - Specifications for Tin Plating on Steel, Copper and Copper-Base Alloys 


U.S. Army, 72-53 


Copper and 
copper-base 


Bureau of Ordnance, 


As specified 
46P5(Ord) 


in contract 
or order 


C - Specifications for Copper Plating on Steel 


[ae [te | 
I 


U.S. Army,72-53 
0 
External threads 


Gold and nickel have also been used for the plated 
coating. 

The coating thickness required depends on the fre- 
quency or skin depth of the currents or waves to be 
transmitted. The conducting material must be at least as 
thick as the skin depth which in turn depends on the 
frequency. Thus from 0.0001 in. to several thousandths 
of an inch of plating is required. At the same time, the 


conducting surfaces should be as smooth as _ practic- 
able. ooo 





Standards for Electric Motors 


N A CONTINUING program of pre- 

senting latest developments as they 
take place relating to NEMA Motor 
Standards, the following feature articles 
have appeared in ELEcTRICAL MANUFAC- 
TURING. 


Standard Frames, July 1951, page 92. 
An analysis of horsepower assignments 
made by the manufacturers to frac- 
tional-horsepower motors built in 


NEMA frames 42, 48, 56 and 66, in 


smaller sizes. 


characteristics for single-phase capaci- 
tor types with ratings up to 20 hp; 
performance data included on com- 
parable repulsion-induction types. into specific NEMA standards for 


Revised NEMA Standards for Universal 

Motor Parts, July 1949, page 102. De- 
Fhp Induction Motors Made in NEMA tailed stator and 
corresponding to six nominal stator 
diameters, two of them new and 


History of the Development and Ap- 


New Performance Standards for Poly- 
phase Induction Motors, December 
1947, page 94. Experience codified 


torque, locked-rotor current and slip 
for squirrel-cage induction motors of 


, 4 1 to 200 hp. 
rotor dimensions 


Standards for “D” Flange Motor Mount- 
ing, May 1947, page 118. New NEMA 
standards announced for universal 
flange dimensions for both horizontal 
and vertical mounting, for frames 





accordance with standard methods of 
rating; table lists manufacturers, types 
made and construction details. 


What Is “50 C” Motor, July 1950, page 
103. Fundamental interpretation of 
motor temperatures ratings in terms 
of “hottest spot” temperature for 
various classes of insulation, related to 
method of measurement, enclosure 
and service factors. 


New Single-Phase Motors in Integral- 
Horsepower Ratings, April 1950, page 
82 and May 1950, page 108. Two-part 

article giving design and operating 
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plication of the Electric Motor, May 
1949, page 76. Survey shows that 
although the practical electric motor 
is 70 years old most present applica- 
tions were conceived before 1900. Pic- 
tures and commentary trace the de- 
velopment in applications to machine 
tools and appliances; early motor 
types and refinements in design. 


Standardization—Its Economic Aspects, 


October 1948, page 124. Importance 
of standards in mass production, and 
the strength derived from voluntary 
participation. Procedure in developing 
NEMA motor standards is outlined. 


from 203 to 505 covering ratings from 
1 to 125 hp. 


New NEMA ‘Standards for Fractional- 


Horsepower Motors, October 1946, 
page 116. Definitions of motor ratings 
in terms of temperature rise, break- 
down torque, speed and locked-rotor 
current incorporated in new standard; 
starting current rating designated by 
code letters. 


What are the Reasons for Standardizing 


Electric Motors, August 1945, page 
108. History of standards develop- 
ment starting in 1908. 
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Development of a low-cos 


J. W. PICKING 


Manager, Control Engineering 


The Reliance Electric & Engineering Company 


iGH cost of power supply and control appara- 
tus has held back the widespread application of 
electronic variable-speed drives, particularly in 
the lower horsepower ranges. The basic systems that 
supply power to a d-c motor from a-c lines have been 
simple enough, but such essential features as good speed 
regulation at various loads and various speed settings, 


and current-limiting devices during acceleration have 
added to the cost. 

To reduce the cost factor and yet maintain a high 
standard of performance to meet the requirements of 
original equipment manufacturers, an all-electronic unit 
has been developed in which the anode transformer 
the most expensive element involved—is eliminated. 
Replacing it on units built to operate on 220 volts, is a 
bridge circuit, requiring two additional tubes which do 
double duty by serving both armature and field circuits 
of the variable-speed drive motor. 

‘or operation on other voltages, such as +40 and 550 
volts, an autotransformer is used to step down to 220 
volts. With its common primary and secondary, the 
autotransformer costs less than would a regular anode 
transformer. In fact, che cost of an autotransformer plus 
four power rectifier tubes, is still well under the cost of 
a center-tap anode transformer, plus two power tubes 


and two field exciter tubes otherwise required to achieve 
the same operating results. 

On 220 volts, the cost of the unit with the foregoing 
modifications is roughly 65 per cent of the cost of the 
rotating type of conversion unit. On other voltages, 
where an autotransformer is needed, the cost of the unit 
is about 80 per cent of the cost of the motor-generator 
power supply. 

The Reliance low-cost V*S drive is furnished in rat- 
ings of 34, 1, 1%, 2 and 3 hp. Power is supplied 
through a 220-volt, single-phase, 60-cycle line, and the 
control unit furnishes direct current to an adjustable- 
speed d-c motor, governed by a small speed-control 
potentiometer mounted with a start-stop pushbutton 
station. Designed and built to operate with “round-the- 
clock” speeds ranging from 290 to 2300 rpm at rated 
output and as low as 75 rpm for set-up purposes or 
light loads, the drive provides stepless speed selection 
and adjustment throughout this operating range. 

Essential elements of the drive are shown in the block 
diagram, Fig. 1. Heavy lines show the motor arma- 
ture supplied from a bridge-type rectifier consisting 
of a pair of grid-controlled thyratrons and a pair of gas- 
filled diodes. The thyratron a-c grid voltages are phase- 
shifted with respect to the anode voltages, controlling 


Armature feedback signal 


VI? 
Diode 
rectifier 
tube 


Cathode 
Follower 
tube 
VS 


Fig. 1—Block diagram of low-cost electronic drive, showing motor field supplied from armature bridge rectifiers. 
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in 3/4 to 


the averaged d-c voltage applied to the armature and 
hence motor speed. The diodes supply the return path 
for the armature current to the line in each alternate half 
cycle. They also serve as a half-wave rectifier, with a 
hack rectifier for the constant field voltage. 

The voltage across the motor field in turn is used as 
the d-c control voltage. First it is filtered and then sup- 
plied to a voltage regulator tube 6 which in turn sup- 
plies the speed control potentiometer. The output voltage 
of the latter is fed to the grid circuit of a cathede follower 
tube where it is balanced by the armature negative feed- 
back signal. In its cathode circuit is the d-c winding of 
the saturable reactor which controls the phase-shift 
bridge to obtain the desired speed. 

Fig. 2 shows current flow through the bridge for one- 
half cycle. The rectifier tubes conduct only when their 
anode voltage has a positive polarity with respect to the 
filament. In the next half cycle the other pair of tubes 
conduct. Actually, by grid control the thyratrons con- 
duct only during a portion of each half cycle, reducing 
the average or integrated voltage supplied the motor 
armature. 

Control of the thyratrons is accomplished by a phase- 
shift bridge through which grid voltage is supplied. 
Changes of inductance in the proper type of bridge cir- 
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Fig. 2—Current flow through armature during one- 
half a-c supply cycle. Tubes V1 and V4 conduct on 
the next half cycle. 
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3 hp ratings 





Expensive anode trans- 
former is replaced by a 
bridge circuit using two 
additional diode rectifiers 
supplying both armature 
and field of drive motor. 


cuit will cause a change of phase relationship between 
input and output voltages. For this purpose, a saturable- 
core reactor* is used. It has an iron core whose flux sat- 
uration and hence inductance are governed by the 
amount of current through d-c control winding. 

The conventional form of phase-shifting bridge re- 
quires an infinite change of inductance for a phase shift 
of 180 deg (approximately 140 deg phase shift is re- 
quired for control of this type). The special bridge cir- 
cuit used in this unit requires only a small change of in- 
ductance for the same change in phase relationship. This 
eliminates the need for additional amplification ahead of 
the saturable reactor. For example, a voltage change of 
less than one volt across the d-c control winding of the 
reactor is sufficient to give a voltage of 150 volts across 
the motor armature. An increase in direct current in the 
saturable reactor control winding decreases the in- 
ductance of the reactor which in turn advances the phase 
of the thyratron grid voltage with respect to its anode 
voltage, thus increasing the output voltage of the ar- 
mature rectifier. Similarly, decreasing the direct current 
in the control winding of the reactor results in a de- 
creased motor speed. 


Field Rectifier Operation 


Diode rectifier tubes /3 and V4 are employed as 
field rectifier tubes as well as part of the bridge-type 
armature rectifier. Their operation is explained in Fig. 
3. In diagram A the current flows through the rectifier 
when a-c supply line L/ has a negative polarity and line 
L2 is positive. Electron flow is from line L1 through 
the field, and back to 12. Diode V4 does not conduct 
since its anode is negative with respect to its filament. 

During the half-cycle that line L/ is positive and L2 
is negative, tube 3 cannot conduct and the current 
flowing through the field from the line is decreasing. 
Since the motor field is highly inductive, the diminish- 
ing field current induces a voltage of opposite polarity 
across the field, as shown in diagram B. Normally the 
induced voltage would rise to a high value. But with 
tube 4 connected across the motor field and with the 
polarity of the induced voltage as shown, tube |’4 con- 
ducts as shown by the arrow, since the field is now 
the source of energy. 

Current flow through the field is in the same direction 


*See “Applying Magnetic Amplifiers—Ratings and Performance Data 
for Simple Saturable Reactors,” ELectricaL MANUFACTURING, March 
1951, p. 94, and “‘Modes of Operation for Simple Saturable Reactors,” 
April 1951, p. 112. Reprint available. 
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for both portions of the a-c supply voltage cycle. The 
voltage wave form across the field is a half-sine wave for 
condition A of Fig. 3, and a voltage of opposite polarity 
of approximately 15 volts (the voltage drop of tube 
V4) for condition B. The field current is practically a 
constant-value direct current. Field current and voltage 
wave forms for one complete a-c cycle are shown in dia- 
gram C. This circuit is sometimes called a free-wheeling 
rectifier circuit since its operation relies on the stored 
energy of the highly inductive motor field. 


Electronic Control Circuit 


Fig. 4 is a schematic diagram of the electronic control 
circuit for which the motor field voltage is used as the 
source of d-c supply. Since the voltage appearing across 
the motor field is a pulsating d-c, this voltage is first 
filtered by a choke. Further filtering and regulation is 
obtained by employing voltage regulator tube 6 which 
has the characteristic of maintaining a constant voltage 
drop across itself for a fixed range of currents. Line 
voltage fluctuations or changes due to loading result 
in current changes through the regulator tube, but do 
not change the voltage across the tube. The regulated 
voltage across tube 6 is then applied to the speed con- 
trol potentiometer circuit and control tube V5, which 
is arranged as a cathode follower. In series with the 
cathode of 5 is the d-c control winding of the saturable 
reactor SRI which controls the phase-shift bridge. 
Therefore, by controlling the current flow through the 
tube 5, the output voltage of the armature rectifier and 
hence the speed of the motor is controlled. 

Tube V5 is a 6SN7 vacuum tube whose plate current 
is controlled by its grid-to-cathode voltage. Voltages 
which tend to make the grid positive with respect to 
its cathode increase the plate current of the tube, while 
negative grid voltages decrease it. The cathode circuit 
includes resistor R3 as well as control winding SR1, 
while the grid circuit includes resistor R2 and speed 
potentiometer P1/. 

The voltage drop across the speed control potenti- 
ometer between points 1 and 3 introduces a reference 
voltage into the grid circuit which tends to make the 
grid positive. Output feedback voltage is the voltage 
drop across R3, consisting principally of a portion of 
the armature voltage supplied from the voltage divider 
made up of resistors R4 and R3. The portion of the 
armature voltage appearing across R3 tends to make the 
grid of V5 negative with respect to the cathode. 

It can be seen that the grid signals consist of a 
positive reference voltage plus a negative voltage which 
is fixed percentage of the armature voltage. The grid 
voltage across resistor R3 is a negative feedback voltage 
since an increase in armature voltage increases the volt- 
age drop across resistor R3. This forces the grid to be- 
come more negative, reducing the cathode current. A 
reduction in the amount of direct current flowing 
through reactor winding SR/ in turn phases back the 
a-c grid voltage of the thyratrons and reduces the arma- 
ture voltage. This grid signal therefore has a stabilizing 
effect. 

During normal operation, tube 5 operates with a 
negative grid voltage, allowing the required cathode 
current to flow through the d-c control winding of 
the saturable reactor. Because of the high sensitivity 
of the saturable reactor and the phase-shift bridge, this 
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Fig. 3—By using the motor field for storage of 
energy on one-half cycle (A) and discharge through 
tube V4 on the next (B), current through the field 
is unidirectional as shown in the wave forms (C). 





value of current need not change appreciably to give 
the complete phase-shift required. 

Operation of the speed-control potentiometer is as 
follows: When it is turned to call for a higher speed, 
a positive potential is introduced into the grid circuit. 
This allows a larger current to flow through the d-c 
control winding SR1 so that the bridge is phase-shifted, 
increasing the motor armature voltage. As the arma- 
sure voltage rises, the armature feedback voltage across 
R3 increases. This voltage opposes the speed voltage 
so that when the armature feedback voltage is ap- 
proximately equal to the reference voltage the drive 
reaches a balance point and grid voltage of tube V5 is 
again negative. 

Resistor R2 and capacitor C1 provide time acceler- 
ation. When the speed or reference voltage is increased, 
it is first applied to capacitor C1 through resistor R2. 
The voltage at the grid rises slowly as the capacitor 
charges up to the potentiometer voltage. This action 
causes the motor armature voltage to rise slowly so that 
the motor accelerating current is limited to a safe value. 
The combination of R2 and C1 is chosen to give a 3- 
sec acceleration time. 

High sensitivity of the phase-shift control together 
with the stabilizing effect of the armature negative- 
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feedback signal tend to maintain the applied armdture 
voltage practically constant from no load to full motor 
load. Voltage regulation of the rectifier is only a few 
per cent. 

With a constant applied armature voltage (and 
constant field voltage) the speed of a d-c shunt motor 
decreases with load due to the JR drop. Motor speed 
drop due to armature reaction is compensated in the 
motor design by use of interpoles and proper brush 
setting. To compensate for drop in the motor armature 
resistance the armature voltage should be increased with 
load. This is the function of the J drop compensation 
circuit, which supplies a signal to the control circuit 
proportional to motor loading. 

Referring again to Fig. 4, this circuit consists of 
resistor R5 connected in series with the motor arma- 
ture, JR drop compensation control P2, and a second 
d-c control winding SR2 of the saturable reactor. As 
the motor load increases, armature current increases and 
the voltage drop across resistor R5 also increases. A 
portion of this voltage drop is applied to the saturable 
reactor control winding SR2 so that the armature 
voltage is increased. For most motors, the amount of 
increase in armature voltage required between no-load 
and full-load is on the order of 10 volts. 

Since the /R drop signal is a positive feedback signal, 
too much armature /R drop compensation may lead to 
motor instability. In practice the /R drop compensation 
control is adjusted to give the same no-load and full- 
load motor speed with the drive running at one-eighth 
rated maximum speed. The speed regulation then is 
practically zero. At other speeds, variation due to load 
may be + 2 per cent as indicated in Fig. 5. 


Magnetic Control 


Magnetic relay M is used to start and stop the drive 
remotely. A simple pushbutton circuit is shown in 
Fig. 4. The operating coil of relay M is supplied from 
the same source as the motor field and is in series with 
the start and stop pushbuttons. The latter has a holding 
contact in parallel. Energizing of relay M starts the 
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Fig. 4—Complete elementary circuit diagram of electronic drive with speed control feedback and IR drop compen- 
sation through two d-c windings of saturable reactor (a-c windings not shown in phase-shift bridge.) 


drive by connecting the motor armature to the bridge 
rectifier. The motor field is supplied continually as long 
as alternating current is supplied to the drive. Since 
the motor field and the main line contactor are sup- 
plied from the same source, field loss protection is 
automatically provided. 

Relay M has another normally closed auxiliary con- 
tact connected in parallel with capacitor C1. This con- 
tact is closed when relay MM is de-energized or the drive 
is in the stop position, thus discharging capacitor CJ, 
so that the reference voltage across the capacitor is 
reduced to practically zero. On restarting the drive 
the capacitor must recharge, giving the motor time to 
accelerate and preventing excessive starting currents. 
The drive thus may be rapidly stopped and restarted 
at any preset speed without excessive accelerating cur- 
rents. 

Fig. 4 also shows an optional dynamic braking circuit 
which connects the DB resistor across the motor arma- 
ture when relay M is de-energized. 

Filament warm-up time of approximately 45 sec for 
the gas or mercury-vapor filled tubes is allowed by time- 
delay relay 7DR whose timing motor is supplied alter- 
nating current from the secondary of transformer T7/. 
When alternating current is applied to the drive, the 
timing motor is started and voltage applied to the fila- 
ments of tubes V1, V2, V3, and V4. After 45 sec, time- 
delay relay contact TDR closes, connecting the motor 
field load to the rectifier. The motor armature load can- 
not be connected to the rectifier until contact TDR 
closes, since starting relay M is energized from the 
field supply. A thermal overload relay is employed to 
protect the motor against a continuous overload. This 
relay is a bimetal type with its heater element connected 
in series with the motor armature. Tripping of the 
overload relay stops the drive since its contact is in 
series with run relay M. The relay has both automatic 
or manual reset. 

To obtain normal life expectancy of the rectifier tubes, 
it is necessary to maintain their filament voltages with- 

(Continued on page 250) 
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Testing — 


MOTOR INSULATION 


L. W. BUCHANAN 
Industrial Engineering, Small Motor Division 
Westinghouse Electric Corporation 


URGE testing of motor insulation in the early 

stages of production, after the motor is wound 

and connected, can practically eliminate final test 
rejections and save considerable time and money. It is 
done not only to determine final performance but also 
to see that the insulation is sufficient to withstand ab- 
normal voltages and surges even after the motor is in 
use for a long period of time. In addition to the insula- 
tion-to-ground test as required by NEMA, it is neces- 
sary to test the insulation between turns at more than 


working voltage to find small short circuits that might 
not show up in the performance test. This abnormal 
voltage causes insulation to fail at its weak points, 
and the motors that pass this test have a large factor 
of safety in insulation to allow for deterioration over the 
years. 


The surge tester is used to test both industrial and 
aircraft apparatus. It is a means by which an extremely 
high voltage pulse can be applied between the various 
parts of a winding to cause a breakdown of weak in- 
sulation. It visually indicates when a fault occurs and 
does it quickly and accurately. The duration of test has 
little effect, and an operator who wishes to hurry the 
test does not impair its accuracy. 

A simplified circuit diagram of the surge tester is 
shown in Fig. 1. A voltage builds up on capacitor C, 
depending on the setting of autotransformer 71, and 
is discharged through the two motor windings by means 
of a grid-controlled gas tube G2. The discharge is co- 
ordinated with the sweep circuit of the oscilloscope, so 
that repeated discharges form identical traces on the 
oscilloscope. 

The first discharge is routed through the standard 
motor.and test motor in series, and the second discharge 
is routed in the reverse direction. This has the effect 
of interchanging the windings, and the oscilloscope 
records the voltage across the test winding and stand- 
ard windings alternately. If the two windings have the 
same impedance to the discharge, interchange of the 
windings will cause no change in the voltage-time wave, 
and successive traces on the oscilloscope will coincide. 
If there is a difference in impedance, successive traces 
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will not coincide, and a divergence of the traces on 
the oscilloscope will indicate the two windings are not 
the same. 

As the impedance depends on the magnetic coupling, 
inductance, resistance, and distributed capacitance, a 
small change will result in a divergence of the traces. 
The surge appears to be traveling through the winding 
thereby causing a voltage difference between turns. 
The sum of the voltages between turns is greater than 
the total because the peak voltages between various turns 
occur at different times. 

Any breakdown between turns will result in a change 
of impedance in one winding and will show up on the 
oscilloscope screen. Any number of things may change 
the impedance of the winding including number of 
turns, short-circuited turns, reversed coils, and break- 
down to ground, All of these faults are indicated by a 
divergence of the oscilloscope traces. Furthermore, if 
a pick-up coil is inserted in the bore of the stator and 
the induced voltage is placed on the oscilloscope screen, 
a comparison of the polarity of the coils can be obtained 
and rotation can be checked. 

Surges in the equipment described here occur 60 
times per sec and are of such short duration that very 
high voltages can be applied to the windings without 
increasing the temperature. As a result the windings 
are stressed with a high voltage, and any faults inherent 
in the winding or caused by the voltage stress are in- 
dicated immediately. In applying a surge tester, the 
effectiveness of the voltage in breaking down insulation 
must be kept in mind. 

When comparing the surge-test voltage to a 60-cycle 
a-c voltage, a factor must be used to take care of the 
fact that the surge tester is calibrated in peak volts 
whereas most alternating-current test voltages are cali- 
brated in root-mean-square values. A further modifica- 
tion must be made in test voltage due to the time of 
the applied surge. Within limits, the longer a voltage 
is applied to insulation, the lower is its breakdown volt- 
age. Since the surge is applied to the winding a small 
fraction of time (a few microseconds for each cycle), 
the effect of the voltage is considerably less than 
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While used primarily to test insu- 
lation between turns, windings and 
ground, the surge tester can also 
disclose improper connections and 
reversed coils while the motor is 
still in early stage of production. 


Fig. 1—In surge testing, the winding to be tested is 
connected in series with a standard winding, and short- 
duration pulses are applied alternating in direction. If 
the two windings have the same impedance, oscilloscope 
traces of alternate pulses will coincide. 


if a continuous voltage were applied for one second. 

\ number of tests have been run to compare the ef- 
fectiveness of the surge test voltage to the normal 60- 
cycle, a-c ground tests specified by NEMA. When 
various pieces of insulation were subjected to the surge 
test voltage and to 60-cycle voltages, it was found that 
the surge test required 170 per cent of the 60-cycle rms 
voltage to break down the same insulation. It was also 
found that the surge test voltage could be applied for 
an unlimited time without materially changing the 
breakdown voltage. 

A tester incorporating this surge method is shown 
in Fig. 2, where it is in place in the production line with 
a test fixture at the left. This fixture provides clips 





Fig. 3—Traces on the oscilloscope can tell the 
operator much about the winding under test. 
A—Both identical; B—One turn shorted. 


Fig. 2—All components 
for the surge tester are 
housed in the cabinet; 
test and standard wind- 
ings on stand at opera- 
lor’s left are connected 
by clips to leads to the 
cabinet. Two-handed 
pushbuttons to energize 
the test equipment pro- 
tect the operator. 
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for connecting the surge tester to motor leads and a 
search coil located in the bore of the stator. The fixture 
also provides a good ground for the stator. The surge 
tester has a number of relays controlled by two-hand 
pushbuttons on the panelboard. By means of these 
pushbuttons connections of both the test and standard 
stators are changed. The two-hand pushbuttons reduce 
the hazard of electrical shock to the operator. 

One of the most common motor windings is that 
used on dual-voltage capacitor-start motors. The main 
winding can be tested by connecting its two sections in 
series. This connection produces a voltage between the 
two sections and checks the insulation between them 


(Continued on page 246) 
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DESIGN TRENDS 


New developments and ideas selected 
and interpreted for design engineers 


Three-Phase Welder Uses 


Weld current of 73,000 amp at 4.44 volts 
d-c obtained from two banks of copper-sul- 
fide cells operating in parallel. 


R. H. BLAIR 
Chief Electrical Engineer 
Resistance Welder Corporation 


HREE-PHASE power supply for resistance weld- 

ers has many advantages over single-phase par- 
ticularly from the point of view of disturbances on 
industrial power distribution First to be 
introduced were of the stored-energy type, either 
capacitive or inductive. Another type involved charg- 
ing of submarine-type batteries. One of the latest types 
employs heavy-duty magnesium copper-sulfide recti- 
fiers supplied from a delta-connected transformer. 
Water cooling of both the transformer secondaries and 
the rectifier plates enables high current densities to be 
carried on a duty-cycle basis. The standard three-phase 
air-operated spot welders made by the Resistance 
Welder Corporation, Bay City, Mich., are designed to 
make certified welds in ferrous and non-ferrous metals 
to meet military specifications MIL-W-6858 and 6860. 
The basic power circuit is shown in Fig. 1. It is a 
three-phase full-wave rectifier. Each phase contains 64 
magnesium copper-sulfide cells operating in parallel 
with maximum output voltage of 4.44 d-c volts. Rec- 
tifier units are supplied by Electronic Rectifiers, Inc. 


systems. 


Three-phase fu//-wave 
magnesium -copper 
sulphide rectifier, 


Timer and 
heat contro/ 


Tr 
Ignitron 
contac tors 
L2 


Weld current Trailing 


J current 
--- /-360 cycles -----4«- [- 


123456 
Cycles (60 cycles per sec basis) 


Fig. 1—Basic circuit of heavy-duty rectifier used in 
three-phase welder power supply. 
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Mletallie Reetifiers 


Fig. 2—Closely coupled power pack. Series parallel tap 
switches are at left, transformers to right. Copper-sul fide 
rectifiers are connected directly to electrode buss. 


In the actual machine two power units are provided 
which can be operated as a single or double unit through 
switch control. 

Sixteen steps of heat regulation are supplied to 
each single unit with facilities for cross operating the 
two units on individually different taps when operating 
both units simultaneously. A d-c welding current of 
78,000 amp is obtainable on a machine of 48-in. throat, 
with a total three-phase demand of 248 kva. Polarity 
reversal switching is incorporated in the power unit, 
Fig. 2, to accommodate welding of stock of dissimilar 
thicknesses or of dissimilar materials. 

The transformers are heavy-duty type having suf- 
ficient iron section to prevent line transients and 
sufficient copper section to provide good voltage 
regulation. Regulators are of heavy duty construction 
to securely hold lead connections. Rectifiers are con- 
structed of the highest purity 0.078 in. magnesium, and 
water cooled to withstand duty cycles higher than found 
on any previous equipment of this type. 

Timing circuits include squeeze weld, forge, trailing 
current, hold, and off timing calibrations. Weld, forge 
and trailing current timing is calibrated in milliseconds 
with fixed adjustments graduated in one cycle of 60 cps 
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Three-Phase Welder Uses Metallic Rectifiers 
Liquid Fluorocarbons in Transformer Design 
High-Speed Crystal Clutch 

Void-Free Impregnation of Brake Coil 
Alkyd Molding Compound Applications 
Magnet-Wire Insulation at High Temperature 


steps. As seen in the wave shape in Fig. 1, the trailing 

current is located at the end of the weld current wave 

to give an adjustable lower current value which can 
serve two purposes : 

1. Prevent too rapid quenching of steel welds that 

may otherwise have a tendency toward embrittle- 

ment. 

2. Reduce the thermal shock on cooling of aluminum 
welds and reduce the tendency to internal crack- 
ing. The trailing current feature reduces the 
amount of forge force otherwise required to pre- 
vent internal cracks. 

Amplitude of trailing current is adjustable by phase- 

shift means. By switch operation, welding can be done 

using the normal trailing current only for welding of 
the very thin gages of stainless steel. 

Only two ignitron “B” size tubes are used for switch- 
ing, Fig. 3, the third line being connected directly to 
the transformer primary. The control tubes are 2050 
thyratrons with the exception of four firing tubes and 
one vacuum tube. Timing circuit assemblies are of the 
quick-change type and all relays and rectifiers plug in 
for easy maintenance. 

Machine is equipped with a double air-lock bellows 
under the down air cylinder, with independent air 
pressure adjustment in each bellows to permit any 
combination of weld and forces desirable to a maximum 
of 5100 lb at 80 psi. This arrangement is sufficient 
for qualification of aluminum alloy welds from 0.020 
in. sheet thickness. Forge force is effective in 8 millisec 


Liquid Fluorocarbons 


Technique provides reduction in size; adds 
safety and operating advantages. 


[GH-molecular-weight fluorocarbon liquids are 

used by Westinghouse Electric Corp. to develop 
a vapor-cooled, vapor-insulated distribution transformer 
expected to be 4 to % lighter than liquid-immersed 
units of equivalent rating and performance. This tech- 
nique utilizes the heat of vaporization of liquid fluoro- 
carbons for cooling, and the dielectric strength of 
fluorocarbon vapor for insulating. It is a joint devel- 
opment of the Westinghouse Transformer Division and 
the Research Laboratories. 
Fluorocarbons were selected because: (1) they have 
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And other new ideas and developments of interest 


Primary Time Standard 
Reducing Welding-Transformer Impedance 
Slow Rotary Motion from Heat 

The Transistor Improved 

Simulated “Hot Spot’’ Control 

16-mm Magnetic Recorder-Projector 





Fig. 3—Control panel on side of welder has two “B” size 

ignitrons (not shown in sockets) in lower two-thirds of 

cabinet. Electronic control chassis units are wired in 
through multiconductor connectors. 


from weld to full forge force. An adjustable stroke 
retraction cylinder has a maximum stroke of 6 in. 
for loading parts between horns adjustable to a maxi- 
mum of 18 in. To obtain consistent welding of thin 
gages of aluminum a low-inertia roller bearing ram is 


provided. Rollers bear on hardened and ground steel 
ways. OO0 


in Transformer Design 


a suitable boiling point and heat of vaporization, and 
(2) a high dielectric strength* and impulse strength at 
low pressures. The 60-cycle dielectric strength in a 
reasonably uniform field at atmospheric pressure is 
greater than that of transformer oil. 

Since heat transfer by vaporization is superior to 
that obtained with circulating oil, a more compact coil 
assembly can be designed and the external cooling sur- 
face reduced. No inherent limitation to the size of 
vaporization-cooled transformers is seen. 

The first of two experimental units was a modified 

(See “Fluorocarbon Resins Appraised,” p. 76, Aug. 1950 and p. 80, 


Sept. 1950, ErecrricaL MANUFACTURING, for a discussion of fluorocarbon 
properties and applications.) 
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An experimental fluorocarbon-vapor-cooled and insulated 
500-kva transformer with various test devices in place. 
How vaporization cooling works: small pump A forces 
liquid fluorocarbon from sump to nozzle B where it is 
sprayed uniformly over core and coils. The liquid evapor- 
ates C drawing its latent heat of vaporization from the 
coils. Fluorocarbon vapor fills tank space D, insulating 
the transformer parts. Vapor is forced upward through 
the cooling tubes, and by gravity flow the condensate 
returns to sump. Since temperature change is small, the 
fluorocarbon remains near boiling point throughout the 
system. Temperature of cooling surfaces is only a fe 


standard dry-type transformer. Equipped with adequate 
cooler capacity, the unit delivered in excess of 350 per 
cent of its rated capacity, dissipating ten times more 
heat than a dry-type transformer could have. Although 
at this loading the losses and impedance are much too 
high for practical operation, the test results do illustrate 
the possibilities of vaporization cooling. 

The second experimental unit, a specially-constructed 
900-kva, 2400/240-volt transformer, has been operat- 
ing at rated load since the first of the year. A vaporiza- 
tion-cooled network transformer is being designed for 
installation on the system of the Consolidated Edison 
Company of New York. Operation is expected to pro- 
vide valuable service experience. 


ee 


degrees Centigrade lower than that of the coils; differential 
is much less than in liquid-immersed transformers. Higher 
cooling rate reduces space required for a given rating. 


Since fluorocarbon liquid is nonflammable and also 
has fire-extinguishing properties, vaporization-cooled 
transformers, should be as safe or safer than liquid- 
immersed or dry-type transformers. 

Only a fractional quantity of fluorocarbon fluid 1s 
used compared to regular transformer oil, but cost may 
be higher than with a liquid-immersed type owing to 
the high cost of fluorocarbons. The particular advan- 
tages of vaporization-cooled transformers will determine 
their application. Safety, space and voltage require- 
ments, and need for extreme compactness of installa- 
tions are some of the factors indicating a vaporization- 
cooled transformer as the more suitable and economical. 

ooo 


High-Speed Crystal Cluteh 


Piezoelectric elements bend on application 
of direct curent to engage the drive in a new 
experimental clutch developed at NBS. 


PPLICATION of a d-c voltage to the electrodes 

of three “Bimorph’’* piezoelectric crystal ele- 
ments causes bending of the elements, pressing the 
clutch output disk against the rotating input disk in an 
experimental crystal clutch recently developed at the 
National Bureau of Standards. While the new clutch 
was devised as part of a program for the development 


* Product of Brush Development Company, Cleveland. 
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of fast-acting clutches suitable for use in high-speed 
computers, it has several advantages for other types of 
service. Distinguishing features of the crystal clutch are 
high speed of response and almost negligible current 
drain. No current flows, other than insulation leakage, 
after the applied voltage has charged the capacity of 
the crystals. The clutch therefore creates no magnetic 
field. 

In the model shown in Fig. 1, the output shaft de- 
livered useful torque in as little as 0.2 millisec after 
voltage was applied. Output torque of the engaged 
clutch was approximately 16.5 oz-in. at 400 volts exci- 
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tation, and 21 oz-in. for 500 volts. The drag torque at 
no voltage, however, was about 7.5 oz-in., a substantial 
fraction of the engaged torque. 

Construction of the crystal clutch is essentially simple. 
The output disk is located between two rotating mem- 
bers: a thin, flexible crystal pressure plate and a heavier 
mounting plate or input disk. Three of the Bimorph 
crystal elements, which bend when opposite potentials 
are applied to different parts of the crystal surfaces, 
are spaced at 120-deg intervals. When the exciting volt- 
age is applied, the crystals press against the pressure 
plate at a radius of 1.5 in., pinching the output disk 
between the pressure plate and the input disk. 

The clutch proper and its immediate mounting occupy 
a space about 6 in. in diam. and a little more than 1 in. 
long. The complete assembly includes, in addition, in- 
ternal bearings for the output shaft, bearings and 
mounts for the entire assembly, a drive pulley, and slip 
rings for transmitting the exciting voltage to the rotat- 
ing assembly. 

The new clutch was tested for speed of response by 
placing the needle of an ordinary crystal phonograph 
pickup in a small dimple in the clutch output shaft, as 
shown m Fig. 2. By connecting the pickup output to 
the vertical input of a cathode-ray oscilloscope, and 
connecting the clutch excitation voltage to the hor- 


FIG. 2 
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izontal input, the time lag between the application of 
the exciting voltage and the resulting motion of the 
output shaft was observed. Alternatively, by connect- 


Fig. 1—Experimental crystal-actuated high-speed clutch 

developed at National Bureau of Standards. Rochelle salt 

crystals behind the 120-deg pressure plates bend to engage 
clutch plates upon application of d-c voltage. 


ing the Bimorph terminals to the vertical plates of the 
oscilloscope, it was possible to observe the voltage rise 
as the capacitance of the Bimorph crystals became 
charged. Traces for both effects are shown in Fig. 3. 


Void-Free Impregnation of Brake Coil 


ENERAL Electric’s Permafil resin 
G No. 2859-2 is used to obtain com- 
plete void-free impregnation of the 
ES-109 track-brake coil as shown in 
cross-section in Fig. 1. 

Fig. 2 illustrates coil being wound 
on a stainless steel spool body using 
untreated paper wrappers and washers 
as insulation. After winding the coil, 
a stainless steel band is welded over 
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this winding, connecting the band to 
the spool flanges. This results in a leak- 
proof container around the coil with a 
single 34-in. diam. threaded hole as the 
only opening to the coil. The coil is then 
impregnated through this hole, being 
connected to the impregnation equip- 
ment by a tube and other fixtures. 

By means of vacuum impregnation 
the resin is then forced under 15-lb 


pressure into the coil. This process com- 
pletely fills the coil and case. A pipe 
plug replaces the tubing and the coil 
is placed in an oven to cure the resin 
to a very tough flexible solid, filling 
every space in the coil, and impreg- 
nating the paper as well (Fig. 3). Com- 
plete impregnation is made _ possible 
because Permafil has practically no 
shrinkage. Ee 








Fig. 2—To check speed of engagement, phonograph 
pickup feeds a signal to an oscillograph to detect start 
of driven-shaft rotation in relation to signal from the 


application of voltage energizing the clutch. 





Several factors enter into the design of a clutch of 
this type. Speed of response, the principal design goal, 
is related to the inertia and loading of the output sys- 
tem, the available torque, the distance the crystal pres- 
sure point must move before it begins to pinch the 
output disk, and the resonant frequency of the crystal 
itself. It is the resonant frequency that sets the ultimate 
limit for speed of response. 

The dimensions of the Bimorph crystal determine not 
only its resonant frequency but also its sensitivity. The 
resonant frequency, in kilocycles, of a Rochelle-salt 
crystal Bimorph is given by 26 T/LW, and the sensitiv- 
ity in mils per kilovolt is approximately 0.08 LW/T2, 
where L, W, and T are crystal length, width, and 
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Alkyd Molding Compound Applications 
\ A J ATTHOUR meter, television tun- Company (Valparaiso, Ind.) No. 1 


switch. Previously, the ratchet had to 
illustrate diverse applications for Plask- be made of two different materials in 
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thickness, in inches. Since increased crystal thickness 
is favorable to high resonant frequency but unfavorable 
to high sensitivity, design dimensions must be matters 
of compromise and judgment. 

If resistance is present in the excitation circuit, the 
voltage appearing across the crystals will rise exponenti- 
ally while the crystal capacity (about 0.0065 mf) is 
charged. If the voltage rise is excessively slow, speed 
of response will of course be impaired. It might be 
thought that if resistance were eliminated, so as to give 
very fast voltage rise, speed of response would be a 
maximum. This does not prove to be the case, however. 
Instead, an irregular output motion appears, probably 
due to bouncing of the crystal against the output disk, 
while response time shows no significant improvement. 

Rochelle-salt crystal elements are used in the present 
clutch because they are readily available and highly 
sensitive. Rochelle salt has several disadvantages, how- 
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INPUT VOLTAGE OUTPUT DISPLACEMENT 


Fig. 3—Typical oscilloscope traces with the applica- 

tion of energizing voltage at the origin in both cases. 

Traces cover only a small fraction of the initial revolu- 
tion of the output shaft. 






the Standard Coil Products Company, 
Huntingdon, Calif. An 8-cavity mold is 
used, with output of 960 parts per hr 









































on alkyd molding compound. 

Left, a base for watthour meter made 
by the Blakeman Electrical Manufactur- 
ing Company, Los Angeles. Selection 
reasons: good electrical properties and 
cost reduction owing to rapid molding 
cycle on small automatic machines. 

Center, arrow points to alkyd-molded 
ratchet for the McGill Manufacturing 
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order to obtain required arc resistance 
and nontracking characteristics. Switch 
rating: 6 amp, 125 volts. Molding by 
Tietz & Baur Plastics, Inc., Melrose 
Park, Tl. 

Right, 24 arc-shaped segments for a 
TV tuner molded by Wilcox Plastics, 
Los Angeles, and Mayfair Molded Plas- 


tics and Transmatic Corp., Chicago, for 


and a 20-sec cure period. Dimensional 
stability was important since drum as- 
sembly is a precise operation. Molding 
tolerances were held to + 0.0005 in. 
Silver contacts were inserted and sold- 
ered after molding and good heat re- 
sistance was therefore another required 
property. Good insulation resistance also 


Ood0 


was essential. 
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Filament nylon cloth is now “‘set’’ to prevent shrinkage in the finished 
garment by using Calrod heaters mounted several inches above... 


NEW TEXTILE MACHINE DEVELOPED 


Built-in Calrod* heaters enable con- 
tinuous radiant-heat equipment to 
replace batch-type process 


Radiant-heat setting of nylon on the production line 
now eliminates four very costly steps from the eight 
handling operations . . . and now uses semi-skilled 
labor. ““The new Nylon Electrosetter gives our cus- 
tomers faster production at much lower cost per yard 
solely because of built-in electric heat,” says John 
McCreary of McCreary Machine Works, Inc., Co- 
hoes, N. Y. “‘And we chose Calrod heaters because 
they are easy to install, require almost no maintenance 
and are extremely reliable at temperatures even above 
1300 F. When nylon valued at $3000 per hour runs on 
the tenter frame . . . the heat must be reliable.” 


If you build equipment for a process which requires 
heat, why don’t you make it a production line opera- 
tion? Calrod heaters are easy to install and require 
little maintenance. Whether your application is radiant 
heating, heating liquids, surfaces, air, pipelines, or 
melting soft metals, there is a G-E Calrod heater for 
the job. And recommendations of a G-E Heating 
Specialist may help you as they helped McCreary. 
WHY DON’T YOU present your requirements to the 
nearby G-E Sales Office, or write to Sect. 720-51, 
General Electric Co., Schenectady 5, N. Y. 


*Registered Trademark 
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. .. the tenter frame. G-E Reactrol* Control keeps the speeding nylon 
web at the exact setting temperature .. . only 25 F below the fusion 


NEW SELLING AID 
Gummed labels are now available 
to help tell your customers that your 
machinery is equipped with the best 
in “built-in heat’. .. G-E Calrod 
Heaters. 


GENERAL ELECTRIC 


720-51 
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ever: it is easily fractured, melts at 55 C, and will 
deliquesce unless protected from humidity, Barium 
titanite crystals, a logical alternative, should provide a 
mechanically rugged clutch usable at temperatures up 
to 100 C. Barium titanite is less sensitive than Rochelle 
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salt, however, and also has a higher capacity. 
Obviously, the particular model shown here does not 
have wide applicability. Yet its high speed and negligible 
curent drain could be very valuable in important in- 
strumentation and control functions. Oooo 


Magnet-Wire Insulation at High Temperature 


Life-temperature characteristics discussed on 
basis of experimental results, using special 
test setup for short-time aging. 


A. T. MeCLINTON 
Electricity Division 
Naval Research Laboratory 
TEST procedure developed by the Naval Re- 
search Laboratory to determine short-time aging 
characteristics of insulation under various conditions of 
temperature, mechanical and dielectric stress, and con- 
taminants, is based on specimen coils wound and 
mounted to simulate conditions in motor windings. The 
test setup has already been described in ELECTRICAL 
MANUFACTURING (“Insulation at High Temperature,” 
page 115, May 1951 issue). The experimental results 
obtained are now presented here : 

A top quality Class A insulation was subjected to two 
series of tests using the described equipment and gen- 
eral test procedures. In one of the tests the coil samples 
were subjected to a continuous duty at the elevated tem- 
perature until failure was noted. In the second set a 
cyclic test was employed wherein the coils were sub- 
jected to the elevated temperature for a period of 
approximately 44; of the anticipated life and subjected 
to high humidity for 48 hr to assure complete penetra- 
tion of moisture. A relative humidity of 100 per cent 
with condensation forming on the coils was maintained. 
The cycle was then repeated as necessary until failure 
occurred. 


Results of these two tests with Class A insulation are 


Primary Time Standard 


N extremely precise primary 
A standard of frequency, probably 
the most precise in existence, has just 
been placed in operation at the Bell 
Telephone Laboratories at Murray Hill, 
N. J. It employs four stable quartz 
crystals operating at 100 ke with fre- 
quency held to one part in a billion. 
This corresponds to about 0.0001 sec 
per day or 1 sec in 30 years. 

To insure continuous operation of 
the equipment, power is supplied by 
storage batteries which may be charged 
by a turbine-driven generator if com- 
mercial sources fail. 

Each crystal is sealed in a vacuum 
container and maintained at constant 
temperature within 0.01C. ooo 
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Fig. 1—Aging characteristics of Class A insulation. 
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«guarp-a-sraL”> CONTROLS D>) 


Guardian engineering developments 


of hermetically sealed containers for Airborne—or Portable Equipment 


specifically designed for aircraft: 


Put jet action into your electrical control design! 
Consult Guardian where many controls, seemingly 
“Special” in nature, can be produced from more than 
35,000 standard Guardian parts. Consider the sensa- 
tional “Guard-a-Seal” units—developed specifically 
for aircraft and portable equipment —sealed in a/umi- 
num. Designed to incorporate héavier frames, larger 
contacts, higher capacity, yet qualified under all AN 
weight requirements because the weight is in the 
relay — not the can! 


aniseed 


" AN-3320-1 D.C. AN-3324-1 D.C, Series 595 D.C. Series 610 A.C.—615 D.C. Series 695 D.C. 
ALSO MINIATURE AND SUB-MINIATURE CONTROLS—WRITE 


GUARDIAN WELECTRIC 


1627K W. WALNUT STREET CHICAGO ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN IMOUSTRY 
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Class “A” 220C 
Cycling with humidity 


Percentage failures 








8 16 24 32 
Insulation life- hours 


Fig. 2—Statistical presentation of test data for Class A 
insulation. 


to be observed on Fig. 1. It should be noted that the 
cycle with humidity had a pronounced effect on the life 
of the insulation. Additional experimental results have 
indicated that the major effect observed here resulted 
from the addition of moisture. The cracks in the dielec- 
tric caused by heating, embrittlement and vibration are 
penetrated by the moisture entering the coil forms. 
These created small conducting paths which ultimately 
result in breakdown. It is evident that the expansion 
and contraction resulting from the heating cycle alone 
may, under certain conditions, and with certain types of 
insulation, shorten the life of the material. Although 
complete tests have not been made, limited data do indi- 
cate that this should not be disregarded as a factor in 
insulation life-temperature relationships. 
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The band of failures noted on these two curves is that 
obtained from experimental data employing 20 coils at 
each temperature. However, the data for each test were 
plotted on statistical paper to determine the statistical 
average for temperature (life at which 50 per cent fail- 
ure will occur) and to check the validity of each test 


Table I—Temperature Characteristics of 
Tefion Insulated Magnet Wire 
| Part Il—Cycling with 
humidity—Coil 
temperature 300 C 


Coil No.** Life, he 


Part I— 
Continuous Duty 


Temperature, Life, hr (aver- 
deg. C age of three 
coils) 


1100 


ConauFf one 


9 
10 
1] 





* The apparent discrepancy noted here undoubtedly is indicative of melt- 
ing (softening) of the insulation at temperature near 325 C and higher, and 
that experimental results in this range will be erratic and meaningless. 

** These coils represent 11 out of 20 coils; the remaining coils have not 
failed to date. 


(proximity of the points to a straight line). The sta- 
tistical plot on Fig. 2 is typical of one of these tests. 
This curve reveals the percentage of the total number 
of coils selected at random which will fail under the test 
conditions at any selected time. For example, | per cent 
of the coils will fail within 6 hr, 50 per cent within 32 hr 
and 99 per cent within 59 hr. 

A limited investigation similar to that conducted for 
Class A insulation has been performed on Teflon-insu- 
lated magnet wire. These results, which are presented 
in Table I, indicate that Teflon will not withstand a 
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Wire Identification Branded on Special Typewriter 
A NEW method for marking identifi- 


cation on 


conductors 
uses a special typewriter with a standard 


electrical 


keyboard. Vinylite tubing is clamped 
into position in the machine and letters 
or numbers are “typed” onto the tubing. 
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The typing actually heat-brands the 
marking below the surface of the tubing, 
making the identification permanent. A 
heating device maintains the type at the 
temperature necessary to deposit leaf 
carbon into the brand. Type used may 


readily be changed to a different size; 
tubing of % to % in. diam can be 
branded with the maximum size type it 
will take. The machine is made by the 
Ralph C. Coxhead Corp., Newark, N. J.; 
type is available for special symbols. 
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LOOK TO. 


The RICHARDSON COMPANY 
FOR HELP ON PLASTICS 
FOR YOUR DEFENSE ORDERS 





1 MATERIALS TO MEET 
GOVERNMENT REQUIREMENTS 


The Richardson Company has extensive experience 
in the volume production of materials made to meet 
government requirements. In addition, Richardson 
develops new materials for special applications. 






















2 FACILITIES FOR MOLDING 
AND LAMINATING 






Richardson is one of the few companies that have 
the engineering experience and production facilities 
@ If you have a puzzling plastics problem, con- to do both molding and laminating, and to produce 
sult The Richardson Company. The extensive molded laminates and post-formed laminates. 
services of its research, design, and engineering 
departments are offered you without cost or 
obligation. 

Richardson engineers have a broad background 3 SIX PLANT LOCATIONS 
in the plastics industry. For many years they 
have been co-operating with manufacturers in the The Richardson Company operates large, modern 
selection or development of the correct plastics plants at 6 widely separated locations: Melrose Park, 


materials, choice of the proper manufacturing Ill.; Indianapolis, Ind.; Newnan, Ga.; New Bruns- 
: : - es " ‘ 
process, and actual production of the plastics part. : . . : 


Richardson’s molding, laminating, and fabricating wick, N. J.; Tyler, Tex.; and Ogden, Utah. 
experience assure you a thorough handling of 
your plastics problem from beginning to end. 


The RICHARDSON COMP. 


FOUNDED 1858—LOCKLAND, OHIO 
2799 Lake St., Melrose Park, Illinois (Chicago District) 


nm mL ees 










SALES OFFICES: Cleveland © Detroit ¢ Indianapolis ¢ Lockland, Ohio © Los Angeles 
Milwaukee ¢ New Brunswick, (N. J.) © New York @ Philadelphia « Rochester © St. Louis 
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Rubberized fabric radome protects General Electric 
radar antenna from weather without affecting opera- 
tion. Aluminum framework aids in erecting 36-ft 
high dome and then lowers into floor after balloon 
is inflated. With a pressure of 0.5 psi radome with- 
stands winds of 125 mph. 


temperature above approximately 300 C since it becomes 
soft, allowing the conductor to cut through the insula- 
tion. Operating at a temperature of 300 C. however, 
should provide a life in excess of 1000 hr as indicated 
by the second set of data in this table. It was noted dur- 
ing the winding of these coils, and later, while testing, 
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that the insulation had not been applied to the wire in a 
continuous, uniform film. The observed failures of sev- 
eral coils at less than 1000 hr and, in particular, those 
before 500 hr, are considered to have resulted from these 
imperfections in the insulation. 

It is difficult to draw conclusions at this time regard- 
ing these results since the study is less than half com- 
pleted. However, certain observations are considered 
worthy of note. The use of coils as originally described 
provides an inexpensive and easy method of testing insu- 
lation. Through controlled winding tension, vibration, 
and dielectric stress, conditions encountered in electrical 
apparatus can be duplicated. 

A second observation concerns the deviation of insu- 
lation life from a curve predicted by extrapolation of 
existing accepted curves. It is evident that the logarith- 
mic relationship formerly used is not applicable at these 
elevated temperatures and that other relationships will 
be in order. The chemical rate theory advanced by 
Dakin* will certainly come closer to approximating the 
experimental curve. Further progress will be required 
with the Teflon insulation before conclusion can be 
drawn. The major limitation observed to date, however, 
has been the imperfection in the film of insulation. 
Otherwise, the Teflon-insulated magnet wire offers 
excellent possibilities for long life at the high temper- 
atures considered here. O00 

* “Electrical Insulation Deterioration Treated as a Chemical Rate 


*~henomenon,” T. W. Dakin, AIEE TRANS., Vol. 6 Pt. 1, pp 113- 
22, 1948. 


Reducing Welding-Impedance Transformer 


Use of four component transformers on com- 
mon core reduces impedance of unit, mini- 
mizing losses and increasing welding capacity. 


UNDAMENTALLY, a welding transformer con- 

sists of an iron core, a single-turn secondary and 
a multiple-turn primary. As the rating of the trans- 
former goes up, thickness of the secondary conductors 
normally is increased for practical reasons. However, 
the greater size and spacing of the secondary plates 
result in increased inductance and increased skin effect, 
and impedance losses increase. Therefore it would be 
advantageous if a way was found to reduce plate thick- 
ness and spacing. 

That feat has been accomplished in a new tube 
welder made by the Yoder Co., Cleveland. Here, instead 
of one large transformer, four smaller ones are used, 
all on a common core. This design permits the percent- 
age impedance of a 200-kva unit to be as low as that of 
a 50-kva transformer of conventional type. Comparison 
tests with other welders show that the new design re- 
duces impedance by 15 to 60 per cent. Because the 
efficiency is comparably improved, higher production 
speeds can be obtained from a welder of the same input 
capacity. In addition, each unit of output requires the 
dissipation of less energy, reducing power costs. 

The four component transformers are arranged on 
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Fig. 1—Two of four component transformers on a single 
core are seen in this view of a new Yoder welding trans- 
former. Result of 4-in-1 design is lowered impedance 
and higher efficiency. 


the four arms of a rectangular core, offset from the 
centers of the arms, in the manner of the two winding 
sections visible in Fig. 1. The flux patterns in the 
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WESTON 


For the critical measurements encountered in nuclear research, electronics 
or in general test procedure, WESTON supplies a broad line of instru- 
ments in types and sizes for all requirements. All embody true WESTON 
precision and dependability; and all D-C, rectifier type A-C and RF instru- 
ments have inbuilt magnetic shunts which permit minor field adjustments 
if necessary. Complete information is available from the WESTON rep- 
resentative near you, or direct; and full cooperation on special instrument 
requirements is freely offered. Weston Electrical Instrument Corporation, 
593 Frelinghuysen Ave., Newark 5, N. J., manufacturers of Weston and 


TAGliabue instruments. 


WESTON Zhomens 
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sections are identical. The eight terminal faces on the 
right constitute part of the secondary circuits. Mechan- 
ical support of the transformer body and electrical con- 
nection for the secondary output are furnished by 
means of concentric conducting members bolted to 
these faces. Further support for the rotating assembly 
is provided on the opposite side by a trunnion bolted 
to pads on the transformer. The electrical connections 
to the primaries are made on this side, which is 
hidden in Fig. 1. 

Because of the shortness of the transformer, end 
support is all that it requires. For the same reason, ihe 
bearing span is reduced, a fact that minimizes shaft 
deflection at the electrodes. Another feature of the 
compact design is that the conducting path to the elec- 























































Fig. 2—Front view of tube welder. Housing in back of 
disk electrode contains the transformer. 








trodes is decreased in length, improving efficiency and 
rigidity. All secondary paths within the transformer are 
continuous copper, a provision not feasible in conven- 
tional circular-type transformers. 

The transformer is located in a housing in the com- 
plete tube welder, Fig. 2, above and behind the work. 
The circular member is the disk electrode. OoOd 


Slow Rotary Motion from Heat 


Cyclic movement of bimetal strip, alternately 
heated and cooled, advances ratchet wheel 
for new timing device. 


T. C. LLOYD 
Chief Engineer, Robbins & Myers, Inc. 


A BIMETAL strip and a small resistor are the 
source of torque in the new timing device pictured 
in Fig. 1. Current flows through a phosphor bronze arm, 
x; the bimetal strip, y; and the resistor. As the resistor 
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heats, the bimetal strip is gradually pulled into the 
position shown in Fig. Ib. 
member y finally permits 1 to snap down to the next 
tooth, breaking the resistor circuit. 
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Molded Tubular Capacitors for 
Military Use 


N THE article “Fixed Capacitors for Elec- 

tronic Circuits” which appeared in May ELEc- 
TRICAL MANUFACTURING, the statement was made 
on page 103 that the present trend in the smaller 
sizes of quality lines (of capacitors) appears to 
be toward molded plastic cases, as was illustrated 
by a picture of a typical molded paper capacitor 
supplied by Sprague Electric Company. On the 
following page the statement was made that neither 
cardboard nor molded plastics casings are used 
for military appplications. That last sentence had 
been introduced by a military critic of the original 
manuscript draft. 

The Sprague Electric Company calls attention 
to the fact that Joint Army-Navy Specification 
JAN-C-91, listed in Table III on page 105 as a 
current military specification for capacitors, covers 
flat molded paper capacitors. In addition, minia- 
ture organic polymer-impregnated tubular paper 
capacitors made by Sprague under the trade name 
“Prokar” are used in considerable quantities by 
the military. A proposed revision of JAN-C-91, 
now out for comment, includes these plastic-en- 
cased tubulars. 

The statement that the military is not using 
these types should not be attributed to the au- 
thor.—Editor 


Continued movement of 


The resistor and bimetal strip then go through a 


cooling period. The result is a slow return of the 


WSv 
















Bimeta/ 





(a)-Initial 
position 


(6)-Intermediate 
position 


(c)-Final 
position 


Fig. 1—Current through resistor gradually pulls bimetal 
strip y to right until ratchet wheel advances the width of 
one tooth, breaking resistor circuit. (Patent 2,487,154.) 


“hook”, as shown in Fig. 2. While member y moves 
te the left in cooling, the contact + acts a pawl to pre- 
vent backward movement of the wheel. In the ultimate 
position of Fig. 2b, the resistor is again connected in 
the circuit, ready to start the heating cycle again. 

The time required for the “advance” or heating 
part of the cycle depends upon the size of the bimetal 
strip, the wattage and construction of heater resistor, 
and the tangential width of the tooth. In one unit 
tested, the heating interval was approximately 2% 

(Continued on page 270) 
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How to Get Higher Performance and Longer 
Wearing Qualities in Contact Assemblies 


GENERAL PLATE: 


Meets the Specified Requirements. with | 


TOP- LAY 


Manufacturers of electric motor starters had frequent trouble 


to the base metal carrier. This method results in annealed contacts 
and carriers which in turn means lack of strength, poor wearing 
qualities and short contact life. 


engineering specifications by providing the higher performance 
necessary. Made by cladding silver or precious metal strip to suit- 


gives it a hard, long-wearing surface. In addition, Top-Lay saves 
on fabrication costs as it is easily blanked and formed to the 


tequired shape. (For information on Top-Lay write for Technical 
Data Bulletin #714.) 


No matter what your metal problem, it will pay you to consult 
General Plate. Their vast experience in cladding precious to base 
metals, or base to base metal combinations can overcome your 
problems . . . often reduce costs as well. 


General Plate Products include ... Precious metals clad to base 
metals, Base metals clad to base metals, Silver Solders, Composite 
‘ontacts, buttons and rivets, Platinum fabrication and refining, 
Age-hardenable #720 Manganese Alloy. 
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nile Composite Metal Combination 


with contact assemblies which were made by brazing the contact 


General Plate’s Top-Lay contacts and contact material meet the: 


able base metal, Top-Lay is cold worked by profile rolling which* 





Have You a Composite Metal Problem ? 


General Plate can solve it for you 





GENERAL PLATE 


Division of Metals & Controls Corporation 


49 FOREST STREET, ATTLEBORO, MASS. 
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For additional data on items reviewed here, circle item number on postcard in Reader Inquiry 
Facility, page 183, or write direct to the supplier mentioning Exectrica, MANUFACTURING. 


SMALL-SIZE HYDRAULIC-TYPE TIME-DELAY RELAY 





NLY one moving part, other than armature, is used 
QO in miniature type Silic-O-Netic time-delay relay, 
which depends for its action upon a hydraulically controlled 
movable iron core operating in hermetically sealed tube 
extending through relay coil. Tube is filled with viscosity- 
stabilized silicone liquid. When coil is energized, movable 
core is drawn up into magnetic field at rate governed by 
flow of liquid past annular gap between core and nonferrous 
tube. Relay armature is actuated when core reaches pole 
piece at the top of tube. Same basic principle has been used 
fer years in Heinemann circuit breakers, but has not been 
adapted to relays before, although descriptions of basic 
patents have appeared in relay literature. For any one 
design, inherent time delay is fixed but may be factory-preset. 
Standard range is 5 to 120 sec, but delay periods up to 4 
min can be had. Contributing to this wide range is the 
use of two pole pieces in conjunction with nonferrous 
tube, giving a wider flux range with which to work. There 
is no appreciable effect on relay time caused by changes 
in ambient temperature. Where required, adjustability in 
the range of 30 per cent can be obtained by use of rheostat 
in series with coil. On long delays where rapid recycling 
is desired, a ball check valve is provided within iron core 
(see cut) which allows oil to pass freely when relay is de- 
energized. Minimum of 800 per cent overload is required 
to actuate relay instantaneously. Although relay is shown in 
vertical position, return spring permits relay to be operated 
in any position, horizontal being normal one. Contacts are 
silver, rated to carry 10 amp at 120 volts a-c or 50 volts d-c 


DDITION to line of Pygmy Autosyns, rotary com- 
ponents for servo circuits, consists of transmitters, 
transformers, differentials, resolvers and receivers. Typical 
applications are as computer components. Rated input volt- 
age for units is 26 volts, 400 cps, single phase. All units 
have housing OD of 0.937 in., housing length (minus shaft ) 
of 1% in., shaft diameter of 0.090 in., lead length of 12 
in., weight of 134 oz and operating temperature range of 
—55 C to +95 C. Preferably, radial shaft loading should 
be under 5 gm, but up to 50 gm is permissible. Temperature 
rise for receivers and transmitters averages 40 C. Shaft 
end play with 3-oz gage load is 0.001 in. max, except for 
receiver with end play from 0.0015 to 0.003 in. Radial play 
at housing is 0.0005 in. max, except in receiver, where it is 
0.001 in. Phase shifts between rotor and stator of resolvers 
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LINE OF MINIATURIZED SYNCHROS FOR SERVOMECHANISMS 
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noninductive. Contact blades are phosphor bronze. Avail- 
able in single-pole single-throw, normally open or normally 
clesed, and in double-pole double-throw types. Soldering 
tab terminals are provided for load connections, 6-in. leads 
for the coil. Dual-coil relays are available with coils of 
same or different voltage on one bobbin, either one of which 
will energize relay. Standard operating voltages are 6, 12, 
24, 48, 120, 220 and 250 volts. Coil is wound with enameled 
wire. Power consumption, 2 watts. Unmounted relay meas- 
ures 24% x % in. and is 1% in. high. Offset mounting holes 
are 24 in. apart, 0.17 in. diam. Relay is also furnished 
mounted on %-in. phenolic subplate. Heinemann Electric 
Co., 99 Plum St., Trenton 2, N. J. 

Facility, page 183 


For further information, circle No. 1 on Reader Inquir 









are: type AY-523-3, 21 deg; AY-543-5, 26 deg. Maximum 
brush contact resistance at 300 rpm is 0.5 ohm for all but 
differential synchro; there it is 0.3 ohm. Stator output volts, 
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for shock resistant paris 


Is resistance to physical shock important in your 
plastics part? If so, better investigate the new rubber 
phenolics. True, some materials are stronger in other 
respects . . . but when it comes to shock resistance, 
the rubber phenolics are in a class by themselves. 
Actually, their shock resistance is 5 to 10 times as 
great as that of other impact-type materials! 


Besides, their appearance is good, their electrical 
properties are excellent, and their machinability is 
outstanding . . . drilling and tapping small holes, 
for instance, is fast and easy. Sounds good, doesn’t 
it? And they ARE good . . . for scores of exacting 
applications like the ones on this page. 


This is the vital step toward insuring a sound appli- 
cation of rubber phenolics: choose a molder who 
knows WHEN and HOW to use them ... a firm 
like Chicago Molded, for instance, whose experience 
with phenolics extends over more than thirty years. 
Here you will find a combination of know-how and 
facilities hard to equal anywhere . . . a combination 
that insures successful results right from the start. 


Thermoplastics, too. We mold all other commercial 
plastics as well . . . in one of the largest, most 
modern custom molding plants in the world. So, 
whatever your job may be, you are certain of un- 
biased recommendations . . . a wholly unprejudiced 
viewpoint. Our one concern is to help you get the 
most out of your molded plastics job. That, perhaps, 
is one of the reasons why 60% of our business comes 
from firms we have served for 15 years or more. 


Write today ... 


CHICAGO MOLDED PRODUCTS CORPORATION 
1024 NORTH KOLMAR AVENUE + CHICAGO 51, ILLINOIS 


If you are planning the use of rubber phenolics. . 
—- other molded plastics ... why not talk it over with 
a Chicago Molded engineer? There’s no obligation. 
Meanwhile, let us send you our booklet, ‘“The Story 
of Plastic Molding.” It’s packed with interesting, useful 
information of value to every user of molded plastics. 
on your company letterhead, please. 


- or 


RUBBER PHENOLICS | 
plus the know-how of CHICAGO MOLDED 


— 2 logical combinsiion 












The twelve 
integrally molded 
pegs on this 
1244" x 7%" panel hold 

the cutters and setters for the 
Landis Paneled Finisher, used 
in shoe repair shops. Handsomely 
molded to withstand hard service, 
by Chicago Molded Products Corp. 


The handle of the 
Unity Plug-in Searchlight gets plenty of hard service 
under all kinds of conditions, but this handsome, two-piece 
handle of rubber phenolics can certainly take it. 

It’s easy to drill and tap for assembly, too. 

Another Chicago Molded job 


Another part made to 
take hard knocks is this tool 
holder for the Landis 12L Stitcher. 
Economically molded in one piece, from 
rubber phenolic material, it eliminates the cost of an assembly 
operation formerly necessary. 


CHICAGO 
MOLDED 


PRODUCTS 
CORPORATION 





COMPRESSION, INJECTION AND TRANSFER MOLDING OF ALL PLASTIC MATERIALS 
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line-to-line, with maximum coupling measures 11.8 volts. 
For the receiver unit, damping time is 2 sec; rotor moment 
of inertia is 1 gm-cm?*. Bulletins give further electrical 
and mechanical characteristics for each unit. Eclipse-Pio- 
neer Div., Bendix Aviation Corp., Teterboro, N. J. 


For further informatior 


circle No. 2 on Reader Inquiry Facility, page 183 





MAGNETIC AMPLIFYING DEVICE 


A flip-flop magnetic type of device, which can be 
used instead of certain electron-tube circuits, the CRC 
Ferro-resonant Flip-flop is equivalent to an Eccles-Jordan 
trigger circuit with a dual-triode vacuum tube. Originally 
intended for medium-speed counting applications, it can 
also do many of the jobs of the magnetic amplifier, which 
it resembles. Solenoids rather than toroidal coils are used. 
Though now produced in octal-base plug-in form, unit can 









be provided with solder-in leads or miniaturized so that it 
occupies less than 0.1 cu. in. Functions at frequencies up 
to 20 kc. Over 90 per cent of input power is delivered as 
useful output. Device operates on about 10 per cent of 
power required for electron tube in equivalent circuit. Be- 
cause of resonant characteristics, zero reactance may be 
closely approached. For Model MB, the a-c power re- 
quirements are 100 ma at 10 volts, 500 ke. Trigger input- 
impedance components consist of 10-mh inductor in series 
with 100-ohm resistor. Trigger pulse must be from 15 to 
45 volts with a duration of 1 to 5 microsec. Less voltage is 
required when longer duration pulses are used. Model has 
two outputs, opposite in phase and swinging between +5 
volts and +-30 volts. Outputs may be made to swing be- 
tween —5 and —30 volts by reversing leads to output 
rectifier diode. Two outputs can deliver 10 ma at 30 volts 
each. Durability, shock resistance and gain are high. Units 
may be used singly or combined, as elements for switching, 
counting, amplifying, storing, delaying and pulse shaping. 
Computer Research Corp., 1954 Carson St., Torrance, Calif. 


For further information, circle No. 3 on Reader Inquiry Facility, page 183 


MINIATURE RESISTORS 


Akra-ohm type 1180 miniature hermetically sealed _re- 
sistors with solder-lug terminals are designed to meet re- 
quirements of JAN-R-93, characteristic A, style RB11. 











Units are ™%» in. long and have %4-in. diam. Ratings are 
0.25 watts and 250 volts. Resistance values up to 0.1, 0.3 and 
0.4 megohms may be obtained, depending on alloy used for 
noninductive winding. Resistors are hermetically sealed 
in steatite. Shallcross Manufacturing Co., 10 Jackson Ave,, 
Collingdale, Pa. 


For further information, circle No. 4 on Reader Inquiry Facility, page 183. 





SHADED-POLE MOTOR DRIVE 


Model AD consists of gear train, shaded-pole motor and 
24-volt transformer enclosed in aluminum die-cast housing 
which measures 5 x 3146 x 134 in. Standard output speeds 


are 2, 7% and 27 rpm in either direction. Torques range 
from 0.18 to 7.0 Ib-in., depending on speed and control 
circuit, With no control circuit, rotation is uni-directional. 
A 3-wire reversible control circuit is available, as is a 
2-wire start-and-stop control. Reversal is also possible with 
a 2-wire control by means of an external spring return 
with spring torque approximately 4 of motor torque. This 
provision enables fail-safe design, as protection against 
current failure. Ratings are 115 volt and 230 volts, at 25, 

















50 or 60 cps. Without a control circuit, rated-load power 
input is 10.5 watts and torques are 7.0, 2.0 and 0.8 Ib-in. 
Internal stopping pins are available to limit motion from 
90 to 270 deg. Sealed lifetime lubrication is provided. Can 
be equipped for connection to %-in. conduit or BX fitting. 
Capable of being stalled continuously. Acro Manufacturing 
Co., 2040 E. Main St., Columbus, Ohio. 


For further information, circle No. 5 on Reader Inquiry Facility, page 183. 


DIELECTRIC SHEET 


Dielectric material called Amplifilm is chemically 
similar to mica and is made by casting sheets of water 
solution of bentonite clay. Standard sheets are 6 x 6 in, 
but smaller and larger sizes and special shapes may be 
obtained. Thicknesses in mils are 0.8, 1, 1% and 2, with 
tolerance of + 0.15 mils. Specific gravity varies between 
1.8 and 1.9. With %-in. stainless steel electrodes in aif 
and applied 60-cps voltage increased at rate of 500 volts 
per sec, average breakdown reading on 1-mil sheets is 
5000 vpm; for 2-mil sheets, 4000 vpm. These values are 
practically constant between — 60 and + 175 C. Powef 
factor at 1 ke is 0.0035 at 25 C, 0.0045 at 100 C; at 1 me, 
0.0030 at 25 C, 0.0040 at 100 C. Over temperature range 
from 25 C to 100 C, dielectric constant varies between 48 
and 4.9. Temperature coefficient of capacity is 0.00015 pet 
deg C over range from 25 C to 100 C. Specific resistance 
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Vitrified Electrical Porcelains 


in physical dimensions 


accurately fit your assemblies 


Where vitrified electrical insulations are specified, 
LOUTHAN service-proved porcelains offer out- 
standing advantages. High dielectric properties and 
high mechanical strength are combined in Louthan 
vitrified porcelains to give long service life. They 
are accurately and uniformly made, have clean, 
smooth surfaces, and can be used at temperatures 
up to 2400° F. Furnished unglazed in 
white or gray, glazed in white or mot- 

tled black on white. 
Representative Louthan Vitrified 
Electrical Porcelain parts include 


in electrical properties 


in quality 


Terminal Blocks; Rheostat Cases, Cores and Bases; 
Switch Bases; Shaft Insulators; and Fuse Bases. 

For a half-century, LOUTHAN has specialized 
in job-engineered ceramic insulations. The skill, 
experience and “‘know-how”’ developed during these 
years are substantiated by the satisfactory perform- 
ance of Louthan parts. 

Your inquiries are invited. Louthan engineers 
will gladly submit complete price information, along 
with design and service recommendations. 


Write today for your copy of Catalog 49-E in which LOUTHAN 
Electrical Insulations are described and illustrated. 


A Subsidiary of Harbison- Walker Refractories Company 


LOUTHAN MANUFACTURING COMPANY 


EAST 


LIVERPOOL, 


OHIO 


Exclusive Representatives: H. B. Zeiger, 369 Lexington Ave., New York 17, N.Y. 


Glenn Garner Company, 1829 Civic Opera Bidg., Chicago 6, Ill. 
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lies between 10!° and 10!® ohms per cu cm. Material can 
be safely used for unlimited periods at 150 C. Long life 
can be expected up to 200 C. Amplifilm Div., Aircraft- 


Marine Products, Inc., 1523 N. 4th St., Harrisburg, Pa. 
For further information, circle No. 6 on Reader Inquiry Facility, page 183 


VARIABLE-SPEED PULLEY 


Stepless speed variation over a range of 3 to 1 is pro- 
vided by variable-pitch driver pulley, Rotocone Model 
1300-150. Ratings for given motor speeds when belt is 


running at maximum diameter of pulley are 15 hp at 1750 
rpm, 10 hp at 1150 rpm, 7.5 hp at 860 rpm. Rack and gear 
arrangement moves motor and driver cone with respect 
to driven sheave. Depending on belt and speed range, 
center-to-center distance may be from 16 to 52 in., approxi- 
mately. Pitch diameters of sheave are from 12.31 to 23.31 
in. Corresponding maximum output speeds vary from 1750 
to 924 rpm for motor speeds of 1750 rpm. Pitch diameter 
of driver is 12.31 in. Stock bores are 1.25 in. with 4 x 
in. keyseat and bore depth of 334 in.; and 1.625 with 3% 
x ‘46 in. keyseat and bore depth of 454 in. Net weight is 59 
lb, average belt weight 8% lb. Standard rubber V-belt, 
2% in. wide, 6 in. deep, is used. Other size variable- 
speed pulleys available down to fractional horsepower units. 
Gerbing Manufacturing Corp., 11800 Milwaukee Ave., 
Northbrook, Il. 

i | i ition e No. 7 on Reader Inquiry Facility, page 183 


SMALL POTENTIOMETER 


Maximum diameter of Type Q control is ™g in., with 
*44 in. body depth. Resistance values are: taper A, 500 to 
10° ohms; taper B, 3000 to 3x10° ohms; tapers C and H, 
5000 to 3x10" ohms; taper D, 5000 to 5 5x10° ohms. Re- 


sistance tolerance is +20 per cent standard, +10 per cent 







MTC 
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special; tap tolerance is +30 per cent. Ratings are 4 watt 
at 40 C and 500 volts. Can be rotated 300 deg without 
switch, 330 deg with switch; electrical rotation in either 
case is 300 deg. Standard torques are 4% to 4 oz-in. Avail- 
able with one or two taps; standard tap locations are at 
37% per cent and 61 per cent of electrical rotation. Ganged 
dual and triple controls and concentric dual controls may 
be obtained. Resistance changes less than 10 per cent of 
normal value from —55 C to +105 C. Switch, when used, 
is shielded to give less than Vy pickup allowed by JAN-R-94, 
Capacitance across element with contactor at one end and 
grounded is less than 2.5 mmf at 4.5 mc. Change in resist- 
ance of linear tapered control after 10,000 cycles of rota- 
tion is less than 10 per cent for values below 1 megohm, 
less than 15 per cent for values above. International Re- 
sistance Co., 409 N. Broad St., Philadelphia 8. 


r further information. circle No. 8 on Reader Inquiry Facihity, page 183 


FACE-MOUNTED IHP MOTORS 


New line of NEMA “C” face-mounted motors is offered 
in single-phase integral horsepower ratings through 3 hp 
at 3450 rpm and in polyphase integral ratings through 3 
hp at 3450 rpm. Two basic varieties are available: hori- 
zontal, as illustrated; and vertical, similar to horizontal 
but without mounting base and equipped with a canopy. 
Both varieties are dripproof, equipped with heavy-duty 


oK 


ball bearings and suited for continuous-duty operation on 
applications such as water and sewage pumps, machine 
tools, oil burners, fans and blowers. Single-phase units 
have totally enclosed dust-and-dirt-proof external switch 
housing which prevents foreign matter from lodging be- 
tween contacting points. Capacitors are mounted within 
motor base to minimize transportaion and handling dam- 
age. Kingston-Conley Div., The Hoover Co., 68 Brook 
Ave., North Plainfield, N. J. 7 


further information, circle No. 9 on Reader Inquiry Facility, paae 183 


PHENOLIC MOLDING MATERIAL 


Black dustless medium-high-impact phenolic molding ma- 
terial RX-429 may be automatically preformed on any 
standard tabletting machine and can be compression, trans- 
fer or plunger molded. Minimum Izod impact strength 
with milled notch in side is 0.8 ft-lb per in. of notch. 
Recommended molding pressure is from 4000 to 6000 psi. 
Other properties relating to ease of fabrication are: ap- 
parent density, 0.38 min; bulk factor, 3.5 max; flow range, 
soft to hard; molding temperature, 290 to 325 F; molding 
shrinkage, 0.005 to 0.007 in. per in. Average specific grav- 
ity is 1.38. Molded parts ordinarily should not be exposed 
continuously to more than 300 F, the heat distortion point. 
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Everson Electric Co. counts on SILASTIC TAPE 
“,..When insulation must stand up at 900° F” 


For outstanding insulation characteristics and for lasting performance 
at high temperatures, the choice is Silastic* Tape at Everson Electric 
Company, Allentown, Pa., manufacturers of armature, field and stator 

coils for railway and heavy-duty industrial applications. 


“The ability of Irvington’s Silastic Tape to stand operating tempera- 
tures up to 500° F increases the life of our coils,” says Everson, “and 
P p. y , 
it saves space too. 


Here are some other reasons why so many leading manufacturers turn 
to Silastic Tape: 


The combination of Fiberglas** cloth and Silastic rubber impregna- 


tion and coating gives high tensile strength and excellent chemical 
resistance, even at high temperatures. 


After vulcanizing, Silastic Tape forms a solid insulation mass, free from 
voids or air pockets . . . moisture-proof, extremely abrasion-resistant. 


Worth looking into, isn’t it? Ask for the full story today! 


IFeNINGT 
*®Dow Corning ** ® Owens Corning Fiberglas Corp. 


020000000809 OOO8 SS OO O00 088868806 60:89 


Irvington Varnish & Insulator Company 


,wonee or tas ey, 
. - = te 





Send this convenient coupon now | «4 4. iain, Siena 3h SS 
ae : Gentlemen: 

| Please send me technical literature on Silastic Tape. 
rvington | ~~ ) 

| 
DCRR NIN a eacececncinsnssiscnstercereenencncensnictenavainettitoessoemnsscenmnomat = 
VARNISH & INSULATOR COMPANY : init nennenmcanatbasinaianingasiaititasnniiaiieninemat 
Irvington 11, New Jersey f Fo can cielaaanaell MG clnises State......--.0-00000 é 

Plants: El Monte, California Hamilton, Ontario, Canada | 
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CONTROLS 


Therm-O-Disc positive snap action 
controls give accurate temperature 
control and maintain calibration .. . 
by means of the THERM-O-DISC 
FREE DISC PRINCIPLE. 


Circuits are made and broken quick- 
ly and cleanly, at rifle bullet speed 
— assuring long contact life. 


The bi-metal disc is free to expand 
er contract and maintains its cali- 
bration, as it is not restrained in 
any way. 


Because of the very high contact 
pressure, together with the free bi- 
metal disc principle, they are best 
able to withstand shock, vibration 
or altitude. 


Therm-O-Dise controls are widely 
used in commercial and military 
applications for controlling tempera- 
ture and as high limits. They are 
available in many types and ratings 
« » » constructions open, enclosed, 
immersion or hermetically sealed 
+ + « normally closed or normally 
open contacts in all types. Also 
Manual Reset available in one 
model. 


As these controls are calibrated to 
order, the minimum size order ac- 
cepted is for quantity of 50, unless 
order is for sample, 


TYPE HD 


THERM-O-DISC, INCORPORATED 


127 CROUSE STREET, MANSFIELD, 


OHIO 


Remember the Risk — Use Therm-O-Disc 


Maximum gain in weight after 24-hr immersion in water 
at room temperature is 1 per cent. Dielectric strength 
measures 250 vpm short-time, and 150 vpm step-by-step. 
Material must be preheated to obtain best electrical prop- 
erties. Minimum mechanical strengths are: compressive, 
22,000 psi; tensile, 5500 psi; flexural, 8000 psi. Rogers 
Corp., Mill St., Manchester, Conn. 


For further information, circle No. 10 on Reader Inquiry Facility, page 183. 


HIGH-CAPACITY RIGID-LEVER SWITCHES 


New V series of rigid-lever high-capacity basic switches 
is addition to line designated as Type A. Less operating 
force is required than with firm’s flexible-leaf-actuated 


switches. Units are listed by Underwriters’ Laboratories 
for 34 hp, 115 volts a-c; 1% hp, 230 volts a-c; 20 amp, 
125, 250 or 460 volts a-c; 10 amp, 125 volts when con- 
trolling tungsten filament lamp loads on a-c circuits. Rigid 
lever actuators are located in same positions as in other 
Type A units. Available actuators are long straight lever, 
short lever with roller, and long lever with roller, as illus- 


Lever designation BA-2RV  BA-2RV2_ BA-2RV22 





Operating force, oz, max 
Release force, oz, min 


Operating position, 
nominal, in. as 1.187 


tolerance, in. 0: 0.031 
Pre-travel, in., max 62% 0.468 
Overtravel, in., min ; 0.062 
Movement differential,in. 0. 0.085 


trated. Contact separation (break distance) is 0.020 in. 
and contact arrangement is single-pole double-throw. Three 
types of terminals may be obtained: solder lugs, integral 
screw terminals and side-facing binder head screw ter- 
minals. Operating characteristics are tabulated. Micro 
Switch Div., Minneapolis-Honeywell Regulator Co., Free- 
port, Ill. 


For further information, circle No. 11 on Reader Inquiry Facility, page 183. 


FOUR-POLE RELAY 


Class 8501 Type PO4 relay is now available with maxi- 
mum of four poles; limit formerly was three. Each pole 
consists of snap switch having one NO and one NC cir- 
cuit, electrically isolated. Because of small electrical clear- 
ance, however, NO and NC circuits controlled by same 
pole must have same polarity. When so connected, eight 
circuits may be controlled by 4-pole relay. Contact me- 


ELECTRICAL MANUFACTURING 





An Example of 
CHECK MOTION 
--.in which a swinging 
movement is stopped 
at a predetermined 
position. 


If it needs to behave like a latch, a lock, or a linkage... 
we can create it...mass produce it...WITH STAMPINGS! 


What kind of a motion device is required in 
your product? Does it need to latch, lock, catch 
ortrip? Must it slide,swing or rotate? Should it 
operate by a spring, a cam, a lever or a pedal? 

Our specialty is designing such devices to 
perform in almost any manner the job re- 
quires. And when it comes to manufacturing, 
we mass produce them by stamping—to 
unusually close tolerances. And we can keep 
the price surprisingly low. 

Perhaps this design experience and spe- 


cialized manufacturing approach suggest 
new possibilities for improving the safety, 
performance or salability of your product. 
If so, our engineers 
would like to discuss 


these possibilities with 

you. Or write for a rN oN , 
copy of our booklet, : 

‘‘We Make Motions”, Mame L2) 7o¥ Ve 
which further explains cael 7 


our facilities. 


THE MARK OF A 


SUPERIOR PRODUCT > DEPT. |, GENERAL OFFICES: 2139 WEST 110 STREET e¢ CLEVELAND 2, OHIO 
a 


WE MAKE MOTIONS 
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FOR YOUR PANEL 


A WOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—“‘built-in.” 
RUGGED 
DEPENDABLE 
LOW IN COST 


een 
WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 


SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 

Among our thousands of Pilot Light Assemblies there is one 

which will fit your special conditions. Many are especially 

made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 


HIGH HEAT 


Y-2 MICA PLATE 


for DOMESTIC ELECTRIC APPLIANCES 

e A composite, Inorganic-bonded highly-integrated mica insulat 

ing material built-up from mica splittings, and approximating 

raw mica in all physical properties. 

Completely inorganic, odorless, and smokeless. 

High mechanical strength and integration. 

High dielectric strength. 

High durability and moisture resistance. 

Resistant to temperatures up to redness without change. 

Does not react chemically with resistor materials. 

Unaffected by oils or organic solvents. 

Available in large sheets or full-size punchings. 

Can be stamped cleanly to specified design. 

Engineering service available to help solve your insulating 

problems. Test samples and complete information on reques!. 

NEW ENGLAND MICA COMPANY 
Incorporated 

30 WOERD AVE., WALTHAM, MASSACHUSETTS 


chanisms, mounted on top of relay, have 4 terminals per 
pole, suitable for wire as large as No. 14 solid. Contacts 
are double-break silver-to-silver. Laminated magnet frame 
with two shading coils is riveted to end plates for mount- 
ing of relay and support of contact mechanisms. Latter 
are self-contained in melamine case and may be removed 


jor inspection or replacement by loosening two screws. 
Relay is rated at 10 amp noninductive, 5 amp inductive 
at 600 volts, 15 amp at 110 volts. Coils are available for 
6 to 600 volts, for frequencies of 25, 50 and 60 cps. Approx- 
imate dimensions of 4-pole unit are 4 x 4 x 3% in. Square 
D Co., 4041 N. Richards St., Milwaukee 12, Wis. 


ther information, circle No. 12 on Reader Inquiry Facility, page 183 


ELECTRICAL INSULATION 


Hard fibrous product, Duroid 800, is UL-listed as “ma- 
terial suitable for sole support of current-carrying parts.” 
It was developed especially for flat punched parts requir- 
ing minimum water absorption. After 24-hr immersion in 
water, absorption is 20 per cent. Available thicknesses are 
0.031, 0.062, 0.093 and 0.125 in. Properties of 0.062-in. 
material are: density, 1.25 gm per cu cm; tensile strength, 
19,000 psi lengthwise, 8500 psi crosswise ; flexural strength, 
30,000 psi lengthwise, 20,000 psi crosswise; compression 
strength, 35,000 psi; bursting strength 1400 psi dry, more 
when wet; dielectric strength, volts per mil, 500 when dry, 
300 when moisture content is 7 per cent; arc resistance, 
100 sec; Rockwell hardness, 95 on R scale; ash content, 
1 per cent; oil resistance, excellent. Rogers Corp., Mill St., 
Manchester, Conn. 


For turther information, circle No. 13 on Reader Inquiry Facility, page 183 


SYNCHRONOUS TIMING MOTORS 


New series of small synchronous timing motors in 
Circle B line is designated as Model 425. Input power 
is 4 watts. On 60-cps, standard output shaft speeds are % 
rpm, %, 1, 2, 3, 3.6, 4, 5, 6, 10, 20, 25, 30 and 60. Start- 
ing torques at 115 volts range from 75 to 0.2 oz-in. Special 
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RAYTHEON announces... 


a complete line of 


STANDARD CONTROL KNOBS 


6 TYPES — 5 SIZES — MATTE OR MIRROR FINISH 


Designed and Styled For High Grade 
Electrical and Electronic Equipment 


Save time, save money, meet your own or government 
standards by choosing from this complete line of func- 
tionally sound, attractively styled, injection molded 
control knobs. Now available in a completely inte- 
grated family of 54 items—in a choice of séx basic types 
and five widely used sizes. Made of tough, durable 
“Tenite II” (cellulose acetate butyrate) with anodized 


aluminum inserts and dual setscrews. All types and 
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sizes available with gleaming mirror finish ...or with 
non-reflecting matte finish for military applications. 


Write for complete information—Address Dept. 6460-KEM 


RAYTHEON MANUFACTURING 
COMPANY 
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a helping hand 


FOR CONVERSION 


HEADACHES 


Are rapid production changeovers from normal 
peace-time goods to specialized and exacting 
military demands taxing your energy, ingenuity 
and plant facilities? In this race against time, 
Aetna may be the solution to your knotty pre- 
cision parts problems or the answer to special 
bearing applications. 

Our extensive know-how and vast stock of 
special tools and dies, accumulated from years of 
designing and producing ‘“‘custom”’ ball and roller 
bearings and precision parts up to 38” O.D., has 
become so voluminous that your “‘specials’”’ can 
usually be quickly set-up for manufacture with- 
out special tooling—a considerable economy in 
time and expense. 

If you’re in a “‘spot,”’ reach for Aetna’s help- 
ing hand. Just state your problem, send your 
prints, or ask that a near-by representative drop 
in. No obligation. 


AETNA BALL AND ROLLER BEARING COMPANY 
4600 SCHUBERT AVENUE, CHICAGO 39, ILLINOIS 


hanes Standard and Special Boll Thrust Bearings 


@ Angular Contact Ball Bearings © Special 

Roller Bearings e Ball Retainers e Hardened 

and Ground Washers e Sleeves @ Bushings 
@ Miscellaneous Precision Parts 


motors may be supplied with speéds frotti %o to 1800 
rpm. Rotation is either clockwise or counterclockwise, 
Voltages may be 25, 115 or 230, at 50 or 60 cps. Standard 
shafts are 0.1 x % in., plain or knurled; 0.125 x 0.375 
in. plain; 0.1 x 0.238 in., plain or knurled; 0.125 x 0.218 
in., plain or with 0.1-in. thread; 0.187 x 0.375 in. with 
0.1-in. thread. Other shafts may be furnished on special 
order. Nearing availability is motor of same dimensions 
and similar characteristics for operation at 110 volts, 400 
cps. Bristol Motor Co., 301 Bristol Bldg., Old Saybrook, 
Conn. 

For further inforn + r rcle No. 14 


HIGH-SENSITIVITY RELAY 

Small light Type R relay has greater sensitivity and 
longer life than firm’s Type K relay, which it resembles, 
although it is %4 in. longer and %2 in, taller. Reed arma- 
ture suspension is retained. Coils are single or double- 
wound, as specified. Operates on up to 230 volts d-c. Arma- 
ture may be single or double arm. Ten springs is maxi- 
mum in each pile-up on contact assembly, or 20 for double- 
arm construction. With standard adjustment (30-gm 
contact pressure and 0.0l-in. contact gaps) ampere- 
turns required to operate relay, depending on contact as- 
sembly, range from 105 to 190 for single-arm units and 


from 130 to 250 on double-arm. Length and widths are 
13%; x 1 in. Minimum height, with two contact springs 
in either pileup, is 1%6 in.; maximum, with 10 springs, 
is 1°542 in. Corresponding heights above center line of 
coil are 3% in. and 1% in. Net weight is approximately 
2% oz for single-arm relay, 2% oz for double-arm. Mount- 
ing is by two 4-40 tapped holes in heelpiece. Nine different 
types of contacts are available, choice depending on load 
conditions. Relays can be furnished hermetically sealed, 
with total weight about 4 oz. C. P. Clare & Co., 4719 
W. Sunnyside Ave., Chicago 30, 
nation, circle No. 15 


SUBMINIATURE ROTARY SWITCH 

Subminiature rotary switch originally developed for 
guided-missile and other airborne electronic equipment. 
Diameter is 5% in. and body thickness is 46 in., with total 
volume of 0.6 cu. in. Unit weighs 0.1 0z. Maximum cuf- 
rent rating is 300 ma at 300 volts d-c. Switch resistance 
averages less than 0.001 ohm. Breakdown voltage, shaft 
to contacts, exceeds 2500 volts a-c. Normal construction 
permits unlimited rotation in either direction or use of 15 
contacts with a stop between contacts 1 and 15. One, two 
or three poles may be obtained. For two-pole applications, 
rotation is over seven contacts; for three-pole, five com- 
tacts per pole. All combinations are of non-shorting typ® 
and all contacts including common terminals are insulated 
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, \ onite’ Uontacts 
= Offer 
| Cost-Saving V li 
ost-Saving versatility 
1 Many Mallory customers have been helped to better contact per- 
ELKONITE CONTACTS formance at lower cost by Mallory engineering. 
Elkonite is the registered trade mark for a | A joint investigation between Mallory and a manufacturer of 
ca ol oe materials developed by | industrial circuit breakers revealed that, because of an improve- 
- 2 an rn oe ee ment in the breaker, the standard Mallory Elkonite being used 
ders. [hey are best known for their hardness, . ‘ . . . - ° 
; ‘ meee for an arcing tip had a higher AR** factor than required. Mallory 
resistance to mechanical wear and impact, | tee os - - DD . 5 
ae sae ea took the initiative and developed a new grade of Elkonite that 
resistance to erosion by arcing (AR factor), | : 2 zi . 
: and resistance to sticking. } more than met the service requirements . . . and at a substantially 
e a | lower cost. 
rs Elkonite contacts are made by a unique and | 
S, time-proved method which permits the com- That’s value beyond expectation! 
ol inine . 2eTrs > -_ rac F acije rm: . ° . ° . i. oes a 
ly of the desirable features of basic | This incident is another demonstration of Mallory initiative and 
: metals thie “a a > , is eye _Th e ° . . * 
te : ve sae be ~— By this 1 the versatility of Elkonite by which a variety of performance and 
means, the high melting Ss gste . : ; a. x ° P 
nt ee eee ee | cost ratios can be secured by combining the properties of the 
ur molybdenum, or their carbides, can be com- i tit ' tals t ‘ I ho ritiade alias 
aa sonstitue tals isely the rig >. 
d bined with the current-carrying ability of i. ee ee ee ee 
19 silver and copper. | Mallory contact know-how is at your disposal. What Mallory has 
ie | done for others can be done for you. 
ex. U.S. Pat. Off. | 
™ The ability o contac eri 0 
area A ab ge sanarent } aii: | In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 
Electrical Contacts and Contact Assemblies 
{or 
“ SERVING INDUSTRY WITH 
ta 
Electromechanical Products 
ur- 
a P.R. MALLORY & CO. inc. j Resistors Sevteches 
TV Tuners Vibrators 
aft 
ion Electrochemical Products 
apacuors ectifiers 
15 Capaci Rectifi 
wo Mercury Dry Batteries 
s, : 
“ es | Metallurgical Products 
. Contacts Special Metals 
jew P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA Welding Materials 
it 
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Made-to-fit 


ELECTRIC 
STRIP 
HEATERS 


oy WATLOW | 


Adaptable Shapes 
Prevent Heat Waste Ss RE 


Write for 
Electric 
Heating 
Catalog. 


For simple warm-up — or sustained high heat 
— Watlow strip units prove more efficient be- 
cause they’re “tailored” to your jobs... in 
a wide variety of curved, flat and irregular 
shapes and sizes . . . and with voltage or 
wattage to fit your specifications. 


Send blueprint or cil sketch of your 
job—plus outline of heating requirements. 
We'll be happy to send you a prompt 
suggestion and quotation. 


Re) 


Sea Ret ee 
1330 N. 23d St. AYA Co Pod 


The Swing 
is to 


Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury con- 
tacts, the Durakool hydrogen filled switch 
is performing with sensational dependability. 


% Millions of contacts without a falter 
x Positive “Make and Break’ contact 
action 
%& Withstands high temperatures 
% No deterioration in storage 
% Seven new models—! to 65 
amperes 
% Smaller in size, increased ca- 


Bra gh Cif] 


MERCURY SWITCHES 


See Telephone Directory for Local Distributor 


or write 


Durakool, Inc. Elkhart, Indiene 


from ground. Complete enclosure of contacts provides pro- 
tection under adverse ambient conditions. Plastics parts are 
compression-molded of low-loss arc-resistant alkyd. Con- 
tacts are of pure silver; contact arm is plated heat-treated 
beryllium copper and is designed to maintain contact 


pressure under vibration. Standard rotational torque is 
approximately 2 oz-in. Tandem arrangement is possible. 
Diameters are: for mounting hole, %4 in.; control shaft, 
Yg in.; for indexing hole, %e in. Electro Development 
Corp., 6014 W. Washington Blvd., Culver City, Calif. 


r further information. circle No. 16 on Reader Inquiry Facility, page 183 


COMBINATION STARTER 


Starting and control 
of machine _ tools, 
presses, and _ other 
equipment used in mass 
production industries is 
provided by new combi- 
nation Life-Linestarter, 
class 11-206-NJ. De- 
signed to meet require- 
ments of the JIC Elec- 
trical Standards as mod- 
ified by Mass Produc- 
tion Industry Electrical 
Specifications, this unit 
is available in NEMA 
sizes 1 through 5, with 
ratings up to 200 hp, 
440 volts polyphase. To 

keep out dirt, oil and splashing coolant, the NEMA type 
12 enclosure has continuous neoprene gasket and is mounted 
by external brackets, without use of knockouts or mount- 
ing holes in box itself. Plastics breaker is operated by 
slam-proof, self-indicating external handle, but enclosure 
must be opened to reset overload relays, which brings motor 
overload to authorized person’s attention. Starters are fur- 
nished as standard with a 220/440-volt primary, 110-volt 
fused secondary, control-circuit transformer that can be 
used on either 220- or 440-volt supply voltage, 50 or 60 
cps. Westinghouse Electric Corp., Box 2099, Pittsburgh 30. 


For further information, circle Ne. 17 on Reader Inquiry Facility, page 183 


SUBMINIATURE RELAYS 


Series MH hermetically sealed relays, developed for air- 
borne equipment, are available in 2, 4 and 6-pole double- 
throw construction, meeting requirements of specification 
MIL-R-5757. Diameters are: 6-pole, 1%6 in., 4 pole, Me 
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Phosphor Bronze 


The well-known “Elephant” is the mark of a uniformly fine 
Phosphor Bronze to thousands of metal working establish- 
ments, many of whom have used Elephant Brand Strip, Sheet, 


Wire, Rod or Bars for well over 75 years. 


The newest, most efficient equipment — with the added 
advantage of new minds constantly searching out technical 
and organizational improvements, is your guarantee of the 


continued high performance and dependability of Elephant 
Brand Phosphor Bronze. 


There is a copy of ELEPHANT BRAND TECHNICAL DATA 


available for you. Write for it — today. 


PHOSPHOR BRONZE CORPORATION 
SEYMOUR, CONNECTICUT 


Specify ELEPHANT Brand PHOSPHOR BRONZE 
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Neck Way 
Out, Too? 


... with more 


business than 
you can produce? 


Sounds like a happy situation when 
you say ‘too much business," 
but it sure isn't, as those of you know 
who are on that spot. And 
we're on it, too, since occasionally 
your requirements exceed our 
production. But... in an attempt 
to help you with your fasten- 


ing problem, we've produced a TIME 
SAVER, shown below! 


FREE—A-N Stainless Fastening Selector 


This handy slide-chart instantly identifies 
A-N Nos. pertaining to stainless steel nuts, 
screws, bolts, rivets, cotter pins, washers; 
gives sizes and other data. Write for 


“Chart 51G"' TODAY! 


Manufacturers of STAINLESS STEEL FASTENINGS 
We Te nee rie i ene 


158 


in., 2-pole, % in. Seated height for all 
three is 1% in. Operating range for stand- 
ard type MHB is —55 C to +85 C and 
for high-temperature type MHA —65 C 
to +200 C. Units withstand vibration of 
10 g and shock of 30 g for 10 millisec. 
Units are tested for circuit discontinuity 
under impact with electronic unit having 
response time of less than 1 microsec. 
Will operate up to 70,000 ft. Rated coil 
voltage is 26.5 volts d-c, but overvoltage 
of 23 per cent for 8 hr causes no damage. 
Relays pull in at 18 volts d-c or less and 
release at 13 volts d-c or less. Minimum 
power requirement at room temperature 
is less than one watt. Contacts are rated 
at 2 amp noninductive at 28 volts d-c for 
life expectancy of over 1 million opera- 
tions. Contact resistance from terminal to 
terminal measures less than 0.02 ohms, 
Allied Control Co., Inc., 2 East End Ave., 
New York 21. 

ircle No. 18, Reader Inquiry Facility, page 183. 


VARIABLE SPEED COUPLING 
Assembly consists of sealed ball-bear- 
ing countershaft stand secured to an ad- 
justable motor support by rigid slide rods, 


and 7 and 8-in. combination sheaves. 
Motors up to NEMA size 326 may be 
accommodated. Speed reduction can be 
accomplished for power transmissions of 
2 to 15 hp. Parts may be assembled for 
sliding motor base, for sliding counter- 
shaft base, for fixed-center drive with 
ratios up to 8 to 1, or for compound 
variable drive with speed reductions up 
to 64 to 1. Speed Selector Inc., 118 Noble 
Court, Cleveland 13. 


e No. 19, Reader Inquiry Facility 


SHOCK-RESISTANT TUBE 


Miniature beam-power amplifier tube, 
GL-6005, is designed mainly for medium- 
power audio service in mobile and ait- 


craft applications. May also be used in 
control devices requiring currents up t 
45 ma. It is built to withstand impact 
accelerations up to 600 g and vibrational 
accelerations up to 2.5 g. A high-reliabil- 
ity version of the 6AQ5-W, it is rated to 
withstand many thousands of cycles of 
intermittent operation. Maximum ratings 
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ROTOR 


Finished rotors are sprayed 
with a special rust inhibitor 
which covers the rotor, the 
shaft, and cadmium-plated fan 
used on smaller motor sizes. 
Larger motors have aluminum 
fans. These are not sprayed. 


9 @@ 


STEEL PARTS 


The complete assembly of body 
and shell, with the stator, is 
dipped in “Robbinite,” and 
this moisture-resisting under- 
coating—developed by Rob- 
bins & Myers—is then baked 
on, prior to final painting. 


YOU GET “PACKAGED PROTECTION” 
IN RaeM ALLWEATAER MOTORS 


Standard R & M Integral Motors now 
are completely ““Weatherized” —and 
all at no extra cost to you. They’re pro- 
tected—inside and out—from damag- 
ing moisture which so often causes 
premature failure. Weatherizing pre- 
vents rust, corrosion, and rapid dete- 
rioration of insulation materials. It 
makes good R & M Motors last even 
longer, wherever they're installed. 


PROTECTION, PLUS. New R & M Weath- 
erizing, plus R & M “Clean Sweep” 
high-velocity end-to-end ventilation, 
keeps these durable motors both 


comparably rated motors on the same 
work. And you can even mount them 
outdoors without a cover. They’re 
snake-proof and mouse-proof. Noth- 
ing has been forgotten. 


VALUABLE “EXTRAS.” Only Robbins & 
Myers gives you all these “extras” in 
a standard motor: Weatherizing . . . 
shrouded end-heads... pre-lubri- 
cated, sealed ball bearings (adopted 
in 1939)... insulation of both phase 
groups and coil windings... and 
many other construction refinements. 
Sizes: Polyphase, 1-50 h.p.; Single- 


END-HEADS 


Cast-iron end-heads and the 
cast-iron terminal box are 
carefully cleaned and given 
the same anti-corrosion treat- 
ment, inside and out, often 
specified by our Armed Forces 

for use in damp climates. 


SEALED AGAINST 
LEAKAGE 


Terminal box is gasketed, and 
lead-ins are sealed at the 
motor shell. Repellent grease 
on shaft keeps moisture away 
from bearings. End-heads give 
motor full-height protection. 


© Robbins & Myers is big 
enough to serve your every 
need completely, yet not too 
big to serve you personally and 
promptly. For literature or 
gratis aid in solving powering 
problems, address Dept. C-91. 


internally clean and remarkably cool- 
running. They operate cooler than 


Phase and D. C., 1-714 h.p.; Totally Enclosed Fan-Cooled and 
Explosion-Proof, 1-40 h.p. Write for free Bulletin No. 400. 


M@YTenm DIVIStON 
Springfield 99, Ohio * Brantford, Ontario 
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Roth makes Rubber 
Resist 500°F.Heat 
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Se Roth makes Rubber 


Resist Weather 





Roth makes Rubber 
Resist -110°Cold 





Roth makes Rubber 
Resist Oil and Gas 





and Abrasion 


Roth makes Rubber 
Bond to Metal 
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Hy Roth makes Rubber 


COCO ee OHEEESEEEESSEEESEOEESSE SE EESEEESESEEE EEE SEES ESE E SO OEE OE OSE EOE EEEEES 


e \. ROTH RESEARCH 


BRINGS RESULTS 
WITH RUBBER! 





WRITE, WIRE OR PHONE... 


Roth will gladly help you develop bids, 
quote on present rubber requirements or 
create a special formula to cut costs, 


boost output or simplify production. 





ROYH RUBBER COMPANY 


1858 S. 54th Avenue « Chicago 50 


Custom Manufacturers of Industrial Rubber Products since 1923 















include: plate dissipation, 12 watts; 
screen dissipation, 2 watts. Under typical 
operating conditions, operated from 250- 
volt supply, power output is 4.5 watts. 
Approximate dimensions are 2% in. seated 
height, % in. diam. Heater ratings are 6.3 
volts, a-c or d-c, 0.45 amp. General Elec- 
tric Co., Electronics Park, Syracuse, N. Y. 
Circle No. 20, Reader Inquiry Facility, page 183 








SMALL TELEPHONE-TYPE RELAY 


Basic Class 11 relay measures 1144. x 
11549 x 154, in. (DPDT arrangement) and 
operates on 6, 12, 24, 30 and 48 volts d-c, 
standard, up to 115 volts d-c special. 
Minimum power is 0.4 watt; maximum is 
3 watts. Resistance range is 0.12 to 
11,000 ohms. Insulation to ground with- 
stands 500 volts. Solder type terminals or 
wire leads provided. Standard contacts 
are palladium of 0.062-in. diam. or fine 
silver of 0.075-in. diam. Contact rating is 
1 amp at 24 volts d-c or 115 volts a-c, 
noninductive. Ratings up to 5 amp avail- 



















able. Standard contact arrangements are 
SPST, NO or NC; SPDT; DPST, NO or 
NC; DPDT; 3PST, NO or NC; 3PDT; 
4PST, NO or NC; 4PDT. Other arrange- 
ments up to 8 contact arms per stack 
(total of 16) can be supplied. Frame is 
tapped for mounting with 2 or 4 No. 4-40 
screws. Relay is available in variety of 
forms; plug-in mounting; phenolic base 
mounting with-screw-type terminals; with 
snap-action contacts; in dust-cover enclos- 
ures; in hermetically sealed enclosures. 
Magnecraft Electric Co., 1448 W. Van 
Buren St., Chicago 7. 

Circle No. 21, Reader Inquiry Facility, page 183 


RESILIENT-BASE MOTORS 
Tri-Clad line of single-phase capacitor- 
start motors is now being offered with 
resilient-base construction. Feature is 
available on units rated from % to 5 hp. 
Motors are of cast-iron construction. 





Base is intended to isolate vibration due 
to characteristic torque pulsation of sin- 
gle-phase motors. Line has totally en- 
closed built-in transfer switch. Motors 
are wound for 115/230-volt 60-cps, ex- 
cept for 5-hp, which is wound for 230 
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FOR A KING 


THE “ROYAL TASTER” 


Prudently, kings of old em- 
ployed the ‘‘taste-it-first’’ 
method to test the presence of 
lethal power in bulk food and 
drink. Wary but wise, you’d say... 


VERTICAL BLOCKING 
OSCILLATING TRANSFORMER 
HERMETICALLY SEALED 
BUILT TO MIL-T-27 


PLATE TRANSFORMER SHOWN 
(Ito r) WITH POWER, FILAMENT, 
CHOKE, DRIVER, FILAMENT AND 
SMALLER PLATE TRANSFORMERS 
ALL BUILT TO MIL-T-27 SPECIFICA- 
TIONS. HERMETICALLY SEALED 


FILAMENT 
AUDIO 
TRANSFORMERS 
* 


FILTER REACTORS SEND YOUR 


ISOLATION-STEP-UP 
STEP-DOWN B/P 


TRANSFORMERS f 0 R M F iq SPECIFICATIONS 
R ATttioiin 
De 


WINDINGS 
a CHICAGO 39, ILLINOIS 
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NEW 6-E LAMP 


Controls 
Objectionable 


Odors! 


This new G-E Ozone 

Lamp emits ultraviolet 

energy that creates 

ozone. Ozone chemi- 

cally destroys or masks 

many disagreeable odors 

and substitutes the fresh 
smell of outdoors. 


Extra Sales 
for Your Product 


The tiny 4-watt size makes it easy to 
design into your product —adding to 
its value and appeal. 


Among its useful applications are: 


Public Rest Rooms Clothes Dryers Air Conditioners 
Kitchens and Bathrooms Refrigerators Beverage Vendors 


As the Ozone Lamp has a mild germicidal effect, it may be used in 
small sanitary storage cabinets. 


To use the ozone lamp a ballast is required. For complete informa- 


tion on this amazing new lamp, write or phone your nearest General 
Electric Lamp office. 


You can put your confidence in— 


GENERAL @@) ELECTRIC 


162 


volts only, Automatic-reset thermal pro- 
tective devices are available for 1 and 
5-hp 1800-rpm models. General Electric 
Co,, Apparatus Dept., Schenectady 5, 
ircle No. 22, Reader Inquiry Facility, page 183 


HIGH-SPEED COUNTER 
Mechanical counting device, Series 
1370, has a drive-shaft rating of 1500 
rpm, which gives 15,000 counts per min 
with standard 10-digit wheel. It with- 


stands higher speeds for short periods. 
Figures are over % in. high. Counter is 
of non-reset type, adding when shaft ro- 
tates in one direction, subtracting in other 
direction. Can be made in any figure ca- 
pacity. Veeder-Root Inc., 20 Sargeant St., 
Hartford 2, Conn. 

ircle No. 23, Reader Inquiry Facility, page 183 


COPPER ALLOY MATERIAL 

Formbrite copper alloy sheet, strip, 
wire, rod and tubing is rolled or drawn 
and annealed brass containing 63 to 90 
per cent copper. Intended for applications 
where superior finish is required. Grain- 
size is about 0.008 mm. It can be sup- 
plied to ASTM specifications for either 
quarter or half-hard stock. For 70-30 
alloy, yield point is 39,000 psi; tensile 
strength 63,000 psi; elongation in 2 in., 
35 per cent. The American Brass Co., 


Waterbury 20, Conn. 
Circle No. 24, Reader Inquiry Facility, page 183 


PLASTICS WIRE MARKERS 


Permanent wire and cable markers are 
offered made of Vinylite rigid plastics 
sheet in either flat or sleeve type with 


Re : ‘ y 9 
Ss 72 6c a ot get 


overlay of clear Vinylite plastics to pro- 
tect lettering. Resistance te abrasion, 
water, oil, gasoline, alcohol and most 
acids is claimed for these fungus and 
vermin-proof markers. Sleeve-type mark- 
ers as small as %g in. diam or as large as 
3 in. diam slip tightly over wire or cabie 
of any cross-section. Any type of identifi- 
cation as well as color banding can be 
printed on marker. Flat-type markers are 
made in any size, shape or thickness, 
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Do You Have Use For Practically Pure 


400 CYCLE POWER 
Less than V/2% total Harmonics? 


% For use in Laboratory and Pro- 
duction testing of high perform- 
ance electronic equipment Bogue 
has developed a line of single and 
three phase 400 Cycle Synchro- 
nous Motor-Generator Sets rang- 
ing from 3 to 100 KW with total 


harmonic content less than 1/29. 


This extreme quality in wave form 


is secured thru precision design, 


careful selection of material and 
quality control in manufacture. 


Special units with less than 
1/10% total harmonics available. 


These sets can also be fur- 
nished with magnetic amplifier 
static voltage regulators when the 
utmost in reliability and constancy 
in voltage regulation is required. 
Output frequency is exactly 400 
cycles at any load—no load to 
full load! 


If you are interested in this 
type power, Bogue engineers will 
be glad to furnish oscillograms 
and wave analyses of typical sets 
built for this requirement. You can 
always depend on. 


QUALITY MAGNETIC AMPLIFIER CONTRO 


BOGUE ELECTRIC 


MANUFACTURING COMPANY 


Where Precision Coordinated Design... Counts! 
60 IOWA AVENUE PATERSON 3, NEW JERSEY 


MAGNETIC AMPLIFIERS *« MAGNETIC CONTROLLERS + AC & DC MOTORS 
AC & DC GENERATORS «+ VOLTAGE & SPEED REGULATORS « SWITCHBOARDS 
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punched with specified number and shape 
of holes. Special tools available for slip- 
ping sleeve-type markers on to wire or 
cable; also threading device for looping 
cord through holes in flat-type markers. | 
Bakelite Co., Div. of Union Carbide and 
Carbon Corp., 30 E. 42 St., New York 17. | 
rcle No. 25, Reader Inquiry Facility, page 183 


SYNCROMOUNT POTENTIOMETER 


Type 85129 Syncromount potentioin- 
eter has low-torque shaft mounted in ball 
bearings. Runout and concentricity of | 


NEW 

IMPROVED 

TEC TaN 
Tea U 
aD y 


Protects Stewart Warner's 
New Saf-Aire Wall Furnace 


ifications for von 
i unit called for a coatl 3 
eaeee stand 500 ene 
ain its color and gloss ei 
Sia far above that Ee 
normal operation. Ordinary CON 
resistant coatings faile seo 
]vory and SICON Beige 


just as SICON has 
eee Gane other finish prob- 
an Write for dynamic proof of 
ICON’S amazing stability under 
seat NeW Brochure now 


Sicon 


Silicone-Base Finish is 


Quality finish spec 


manufactured exclusively by 


MIDLAND 


INDUSTRIAL FINISHES CO. 
Waukegan, Illinois 
ENAMELS SYNTHETICS 
LACQUERS - VARNISHES 


ready. 





shaft is within 0.001 in. of the synchro- | 


type mount to accept direct drive in pre- 


| cision computer gear train. Small diam- | 


eter, 1% in., makes unit suitable for ap- 
plications where space is at a premium. 
| It can be furnished with linear or func- 


| tional output. Total resistance can be as | 


high as 100,000 ohms and torque less 
than 0.2 oz-in. G. M. Giannini & Co., 


Inc., 254 W. Colorado Blvd., Pasadena | 


1, Calif. 
Circle No. 26, Reader Inquiry Facility, page 183 


SEALED RELAYS 
Series 5000 line of subminiature anti- 


| vibration relays is now available in her- | 


metically-sealed containers. Developed to 
meet space and performance require- 


ments of military aircraft, radar, radio, 


and telemetering devices, relays weigh 
less than 0.93 oz, and occupy less than 
0.860 cu in. Miniature seven-pin base 
permits mounting in standard seven-pin 


miniature tube sockets. If additional fast- | 


ening stability is desired, relays are avail- 


able with flanges for mounting with No. 6 | 
screws. Solder lug seal may be used in | 


place of plug-in base when desired. Re- 


| lays are built to withstand 20-g vibration | 
|and more than 50-g acceleration in any | 
| direction without affecting contact posi- | 
tion. Illustrated is Model 5610, an SPDT | 
| type with coils available in ratings from | 
3 to 72 volts, d-c, and resistances rang- | 
‘ing from 8 to 5000 ohms. Other pole ar- 





The Bobbin Type Coils shown 
below are part of a complex air- 
craft instrument assembly. No 
larger than your little fingernail, 
these tiny coils are mounted on a 
common core and activate three 
indicator needles within the same 
dial. Extreme assembly care and 
microscopic inspection, at Coto, 
assure perfect operation under 
adverse flying conditions. 


When you need electrical coils, 
why not take advantage of 34 
years of experience, engineering 
competence, and modern produc- 
tion facilities. Coto coils are built 
for you, to your specifications. 


COTO-COIL CO.nc. <> 


COIL SPECIALISTS SINCE™ 
65 PAVILION AVE 
PROVIDENCE 5, RI 
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


“New RCA 6BQ7 and 6X8 provide higher gain, 
reduced noise factor, and simplified tuner design 


Two important new miniature tubes... 
specifically designed to improve the per- 
formance of VHE television tuners . ... 
have been developed by RCA in its con- 
tinuing program of television research. 


_ The RCA-6BQ7 medium-mu twin triode 
is intended primarily for use as the first 
RF amplifier in VHF tuners, or as a low- 
noise IF pre-amplifier in UHF television 
receivers employing a crystal mixer. Be- 
Cause of its high transconductance, low 
input capacitance, low input loading, and 
low plate-to-cathode capacitance, the RCA- 
6BQ7 gives especial advantages in driven 
stounded-grid or cascode-type circuits. 


In such circuits, this new tube provides a 
reduction in noise with resultant improved 
receiver sensitivity. It also reduces oscil- 
lator radiation. 


The RCA-6X8 triode-pentode converter 
is approximately equivalent to a 6J6 triode 
unit and a GAGS pentode in one envelope, 
and therefore contributes to the simplifi- 
cation of front-end designs. It is designed 
primarily for use as the oscillator-mixer 
in VHF tuners having 40 Mc IF systems. 
Its low value of output capacitance enables 
the pentode section to work into a high- 
impedance plate circuit with resultant in- 
crease in mixer gain. 


The RCA-6XS8 is also especially suitable as 
an oscillator-mixer in AM/FM receivers. 


RCA Application Engineers are at your 
call in adapting the RCA 6BQ7 and 6X8 to 
your specific designs. For prompt service, 
phone the nearest RCA office*. . . or write 
RCA, Commercial Engineering, Section 
41IR, Harrison, N. J. 


*(East) Humboldt 5-3900, 415 S. Sth 
Street, Harrison, N. J. (Midwest) White- 
hall 4-2900, 589 E. Illinois Street, Chicago, 
Ill. (West) Madison 9-3671, 420 S. San 
Pedro Street, Los Angeles, Calif. 


Pr) RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON, HN. J. 


nd y aUryL 


~~ 


Whether you need a tote box full of parts—or 
box cars full—we can produce them. We'll take design- 
ing, tooling, and other chores off your hands, too. If you 


need parts with the excellent characteristics 


of Plaskon Alkyd, our fact-and-figure men are 
eager to talk with you. Just write, wire, or phone. 
Or if you prefer, our plane and pilot will speed you 
here for a time-saving chat about your parts problems. 


No obligation, of course. 


rangements and ratings are available. 
Obtainable sealed with inert gases. Neo- 
matic, Inc., 11632 San Vicente Blvd,, 
Los Angeles 49. 
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SMALL RUBBER PUMPS 


Line of small centrifugal pumps for 
handling corrosive and noncorrosive lig- 
uids is powered by motors of Yoo to 14; 
hp. Units weigh from 2 to 4 lb. Available 


as all-rubber pumps or as rubber and 
bronze or zinc. Types are enclosed, skele- 
ton motor-driven units and_belt-drive, 
Overall capacity range is from 504 gal 
per hr at 2-ft head to 78 gph at 10-ft 
head. Design features molded rubber 
volute and rubber impeller molded to 
stainless steel shaft, which is connected 
directly to motor shaft. Diaphragm and 
seal combination of molded rubber com- 
pletely covers member that joins motor 
and pump structures. Stainless shaft is 
only metal in contact with liquid. The 
Gorman-Rupp Co., Mansfield, Ohio. 
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EDGE-LIGHTING PANELS 
Sierracin No. 5005 is non-crazing ther- 
mosetting plastics from which edge-lit 
instrument panels are made. Panels have 
black background with white lettering. 


Screw-in light sockets may be used to 
hold panel in place. Bulbs are replaceable 
from front of panel. Panels made from 
material meet specification AN-P-89 and 
do not craze in presence of alcohol ot 
standard commercial solvents used for 
cleaning. Panels have tensile strength of 
over 9000 psi, flexural strength of over 
16,000 psi, heat distortion point of 170 
F. Markings are produced by engraving 
through surface into transparent core. 
Letters are then spray-filled with a trans- 
lucent white plastics. Panels can 

lighted satisfactorily at distance of over 5 
in. from light source. Material can 
shaped by heating to 240 F for 30 mm 


ELECTRICAL MANUFACTURING 










her- 
e-lit 
iave 
ring. 





d to 
eable 
from 
) and 
ol or 
1 for 
th of 
over 
f 170 
aving 
core. 
trans- 


yver 5 
an be 
0 min 


URING 

















mT REDUCES cOsTS 


Unique Engineering and 
Mass Production Techniques 
Save YOU Money in Product Wiring 


hu 
i] Pe rT 


REFRIGERATORS 
FOR HOMES AND 
TRAILER COACHES 





REFRIGERATOR CO., 


FOND DU LAC, WISCONSIN 
Telephone - - gooo 


May 22, 1951 


HOME FREEZERS 


United Mfg. & Service Co, 
405 South Sixth St, 
Milwaukee 4, Wis, 


Attn, Mr, T. A. Vallee 
Sales Manager 















Dear Mr. Vallee: 


We want to take this occasion to thank you for the 
very fine service you have given us over the past 
several months, We realize the difficult times we 
are passing through due to restrictions and short- 
ages; however in spite of these difficulties, we 
have not lost any production time due to lack of 
wiring harnesses, 






We formerly assembled our own harnesses and were 
constantly in trouble securing the component parts, 
We now realize how much more practical it is for us 
to purchase the entire assembly from you as you are 
in a position to buy these parts in larger quantities, 
and thereby effect savings that we could not, 


With kindest regards, 
Yours very truly, 
SANITARY REFRIGERATOR COMPANY 
Ci cvpk Xherved. 
ha tp SAL UAE , 
R, L,/’S 


heridan - Purchasing Agent 







IF YOU MANUFACTURE ELECTRIC OR ELECTRONIC PRODUCTS FOR DEFENSE 
OR CIVILIAN APPLICATIONS — UNILECTRIC CAN SAVE YOU MONEY. 


Over 200 companies like the Sanitary Refrigerator Company of Fond du Lac 
have reduced cost with UNILECTRIC Wiring Systems. This year alone UNI- 
LECTRIC Wiring Systems saved over $250,000 in product wiring costs for 
manufacturers of electrical equipment. UNILECTRIC produces millions of 
wiring systems a year for defense products like RADAR, RADIO, FIRE CON- 
TROL INSTRUMENTS, TANKS, TRUCKS, and MOTORCYCLES, and civilian 
products like refrigerators, freezers, clothes dryers, furnaces, water coolers, etc. 
Nine years of experience in designing and producing intricate electronic and 
electric wiring systems, harnesses, cable assemblies, leads and cords assures 
the finest quality, engineering, and workmanship at reduced cost. UNILECTRIC 
can save you money, too. Write or wire! It costs you nothing to prove this. 


UNILECTRIC Wiring Systems provide wiring integrity — TVULEL TRU Ware SYSTEMS 
ee ee a < reduced spat See Se compact Sani- r TRAGE-mARK 

‘ary wbic Foot Refrigerator for Trailers and Home Use, 

as well as for their popular QUICFREZ Home Freezers. Manstodued by 


UNITED MANUFACTURING & SERVICE COMPANY 
403 SOUTH 6TH STREET — MILWAUKEE 4, WISCONSIN 
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and forming over rubber-covered blocks. 
Sierra Products Co., 1632 E. Compton 
for GYROS, COMPUTERS Blvd., Compton, Calif. 
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SELSYNS, INSTRUMENTS 
SMALL VARIABLE CAPACITOR 


Small-size variable capacitor designated 
| as Type R is intended for high-frequency 
| equipment subjected to shock and vibra- 


Electro Tec Miniature Slip 

Rings and Commutators 

are the product of an ex- 

clusive manufacturing 

technique that results in ee 

precision concentricity, tion. Plates are brass, 0.0225 in. thick, 
higher dielectric strength, with corrosion-resistant bright alloy plat- 
longer life. ing. Standard spacing is ordinarily 0.0245 
in. for capacitance ranges up to 325 mmf. 
| Other spacings up to 0.0715 in. can be 
Uniformly High Performance in ELECTRO TEC | made. Dimensions are 15% in. wide by 
thousands of applications has resulted 114, in. high (plates extended). Steatite 
in wide adoption by most leading CORP ORATION insulating bars and _ nickel-plated brass 
manufacturers of precision equipment. end plates are used. All-soldered and riv- 
For complete details or engineering pigs @) sr aa eted construction is featured. Available 
collaboration, call or write today. ’ . on special order in production quantities. 


(PATENTS PENDING) E. F. Johnson Co., 206 Second Ave.. 


. . Precision 
CRAFTSMANSHIP S.W., Waseca, Minn. 
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QUICK-SETTING RESIN 


When added to “8000” Tool-Plastic 

mix, this new accelerator produces a 

W exknow 0 hing about lasting resin that hardens in minutes at 
room temperature, eliminating ovens and 

nose tests; throat tests, overnight hardening. Control of harden- 


30-dayytests arid sniffing ing time is possible by increasing or de- 


weal tele ‘6 creasing amount of Quick-Set. Rezolin, 
ut we do challenge | Inc., 4825 W. Jefferson Blvd., Los An- 
them all” to a drawing | geles 16. 


i : | Circl No. 31, Reader Inquiry Facility, page | 
board’ test which will | e No. 31, Reader Inq cilit 
prove to you that Micro- 


; gc ELLS 
Weave Tracing Cloth is ” _ eostenaileg 
é6 9 ie Solenoid is mounted under the shell in 
easy on the draw. | this line of midget bells, VP-2 and VP-3, 
Send for generous 'which operate in any position. Shell 


samples and give Micro- 
Weaveany test you please 
— others have, and they 
switched to Micro-Weave. 


THE HOLLISTON MILLS, INC. 


‘ diameters are: type VP2, 2% in.; type 
tana iii 5a VP3, 3 in. Current consumption 1s 4p- 
staid haath ho eee ee proximately 50 ma at 115 volts, 60 cps- 

roltage ratings are avail: en 
Micro-Weave is backed by Holliston’s 50 years of leadership and experience in Other voltage ratings are available. Oe 
developing special cloths for-industry back models for bracket mounting W! 
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Whatever the tolerances you need, 
we can work within them! 


We have the experience, the facilities, the skill 
to turn out intricate, accurate moldings. Dur- 
ing World War II, for example, Prolon made 
plastic parts for the Proximity Fuse, a job 
requiring skilled precision molding. Continu- 
ously for the past 10 years, we have been 
producing battery cases for use in Air Force 
planes. 


Today, as of now, we are ready to go right 
into production on other defense projects. No 
waiting period for training personnel and 
adapting facilities! We have room to expand, 
if desired, and unlimited power is available. 
Our engineering department has the technical 
and practical experience necessary to advise 
on designs, on correct choice of plastic mate- 


PLANNING > DESIGNING > DIE MAKING +> MOLDING 
FOR CIVILIAN OR DEFENSE PRODUCTION 


*.004? 


*.002? *.001? 





rials, on efficient molding methods, compres- 
sion or injection. We make our own molds. 


Whether your requirements are defense or 
civilian production, a letter, a wire, or a tele- 
phone call will bring one of our planning engi- 
neers to your office. No obligation. 









THERE IS 
NO SUBSTITUTE 
FOR PLASTICS 


PROLON PLASTICS, A DIVISION OF PRO-PHY-LAC-TIC BRUSH COMPANY, FLORENCE, MASS. 
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ing or specifying magnetic components for any military 
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VOLTAGE 
STABILIZERS 


This new bulletin provides the 
application data, performance 
facts, operating characteristics, 
graphs and detailed specifica- 
tions you need to specify a 
voltage stabilizer for any 
electrical or electronic 
product. Raytheon 

Voltage Stabilizers are 
available in a wide range 

of catalog types or custom- 
engineered to suit special needs. 


CUSTOM BUILT 
TRANSFORMERS 


Here’s the help you need in visualizing 
special transformers for your require- 

ment. Units illustrated are selected from 

a wide range of types and capacities in- 
cluding chokes and transformers designed 
and built to government specifications for 
military service. Data includes dimensions 
and VA ratings of all frequently used 
construction types. Time-saving forms are 
also provided to help you specify your needs, 


Other Raytheon products include FATHOMETERS*; marine radiotelephone; television receivers; tubes ; tel- 
evision equipment; WELDPOWER* welding equipment; voltage stabilizers; transformers; RectiChargeRs* 
and RectiFilteRs*; Microtherm* diathermy; fractional h. p. motors; and other electronic equipment. °® 


-------------4 


RAYTHEON MANUFACTURING COMPANY | 
Magnetic Components Division, Dept. 5460-EM 
Waltham 54, Massachusetts t 


Please send me your Voltage Stabilizer and Custom-Built J 


Transformer Bulletins. 
fy 


es , 


ET 


two No. 8-32 screws are 1% and 1%g¢ in, 
deep, respectively. With enclosed back 
and 4%-in.-diam adapter mounting plate 
(illustrated), depths are 11442 and 1g in, 
With enclosed back and terminal block 
for screw connections, depths are 1'\4, 
and 214. Polarized design eliminates 
electrical contacts. Use of only one moy- 
ing part minimizes wear. Metal parts 
have corrosion-resistant finish. Lead wires 
are approximately 5 in. long. Signal Engi- 
neering & Mfg. Co., 154 W. 14th St. 
New York 11. 
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SELF-CLOSING FLUSH LATCH 


Door with flush latch H-4000 can be 
locked shut by merely pushing it closed, 
Check on closing is provided by trigger 


ae 


handle, which returns to flush position 
only when bolt is fully engaged. In open- 
ing, trigger is depressed and bolt is re- 
tracted. Depressing of trigger also causes 
part of the trigger plate to be elevated 
into hand for use as handle. Other oper- 
ating handles may be spot welded, 
riveted or screwed to trigger. Latches are 
available in aluminum alloy or in cold- 
rolled steel with cadmium plating. 
Bracket, trigger and bolt are 0.050 in. 
thick. Latch may be used with sheet 
metal, plastics or wood, with the trigger 
flush with the surface or covered with 
matching paneling or a pushbutton. Hart- 
well Co., 9085 Venice Blvd., Los An- 
geles 34. 
ircle No. 33, Reader Ir 


SNAP-IN TERMINAL CLIP 


Connection is made by laying wire in 
clip jaws and snapping it into one set 0 
jaws at a time. Contact is maintained by 


spring pressure. Removal of wire cat be 
effected with small screwdriver. Units ac 
commodate No. 12 to No. 18 wire, d 
pending on jaw diameter. Stranded wilt 
can be used if bare end is dip-brazed o 
fitted with a ferrule. Tests on clips fo 
No. 14 wire indicate minimum force to 
pull wire out is 11.25 Ib and maximu® 
voltage drop between clip and wire ® 
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Mile After Mile...” 


Wherever roads stretch over the countryside linking village, town, city, 


seaport—there you will find the familiar welcome sight of the Truck-Trailer. 
ger 


a 


ition 
pen- 
5 Te- 
uses 


= Debate may wage warm as to 
\ded, how much of the nation’s freight 
ld. is moved by Truck-Trailer. The fact 
ting. remains that much of the nation 
a depends on the fast and economical 
igger service provided by these sturdy vehicles. 
= Durability and service over thousands and 
, An- 


thousands of miles is the accepted standard for 
this equipment, much of it assembled and made 
strong through the use of Sterling Bolts and Nuts. 
x The tremendous number of fastenings required for this 
_ equipment dictates, in many cases, the selection of the 
set of Sterling Bolt Company as a primary source because 






od by ‘ 
" Sterling Bolt, for more than 30 years, has been a dependable 
supplier of bolts and nuts to the volume production industries— 
and this includes the great Truck-Trailer Industry. 
Sterling Bolt Company is a member 
of the Truck-Trailer Mfgrs. 
Association. 
can be | 
nits ac 
re, de- 
.d wite 
azed ot A 
ips for 
‘orce 10 GENERAL OFFICES: 367 W. ERIE, CHICAGO 10, ILLINOIS 
ey" CINCINNATI, INDIANAPOLIS, MILWAUKEE, ST. LOUIS 
wire 
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1 mv. Current for temperature rise of 30 
C is 21 amp min; for 100 C rise, 465 


] ie amp. Clip is U-shaped and measures “%g 

ed ers A x %@ x %o or 1%» in. high. Hole in bottom, 

\ a a Saf used for attachment, is 0.096-in. diam. 

ST a | Material is cold-worked beryllium copper, 

" re ¢ Vag Q a oe PF | with tensile strength of 170-185,000 psi. 

So, ta 7 OTT (KA) ‘ tel Edwin G. Gaynor, Inc., 14827 E. Jeffer- 
as : | son Ave., Detroit 15. 
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SELF-LOCKING RETAINER 


| Truarc series 5300 retainer acts as self- 






locking nut on threaded shafts. Triangular 
in shape, it has a drawn helical segment 










with tapered inner edge that forms single 
thread conforming with American Stand- 
ards. Dished triangular body flattens un- 
der torque and produces equal load dis- 
tribution against part being held. Sepa- 
rate washers are not needed. Spring 
tension causes helical segment to engage 
full depth of screw thread for about 300 
deg. Clearance diameter of retainer for 
standard thread sizes are, in inches: 6-32, 
0.462; 8-32, 0.504; 10-24, 0.560; 10-32, 
0.560; %-20, 0.71; %4-28, 0.71. Waldes 
Kohinoor, Inc., 47-16 Austel Pl., Long 
Island City 1, N. Y. 
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met the rigid requirements 







CRYSTAL SOCKET 


Crystal socket designed for use with 
holders having standard 0.050 in. pins 







Fedders-Quigan Corporation curate electronic 
chose MARCO TRI-MOTORS balancing meth- 
for their Room Air Condition- ods. 3.) Precision 












ers because they wanted the held mechanical tolerances. | spaced 0.486 in. apart is now offered as 
ee in quietness and de- a mene, We. 126-105. The ane ae 
penda ility. in 1/100—' HP range; ion are made from steatite treated with Dow- 
“Feather Quiet” operation is a 6 pole; 1, 2 and 3 speed. 

result of three unique factors: There’s a MARCO Motor and 

1.) The unusual Marco elec- MARCO engineering service 

trical design that  banishes to meet your particular prod- 

A.C. hum. 2.) Freedom from uct requirements. 






vibration attained through ac- 




















Please send me COMPLETE DATA | 















on a MARCO Motor to fit our requirements 
Corning 200 to resist moisture shoo 
i sc nid sewnlsnenneimenanennnin | Contacts are silver-plated _ phosphor 
| bronze with tinned terminals. Socket 
| aia aia icshtinmeianegeinnte mounts by means of a single hole with * 
in. diam. E. F. Johnson Co., 206 Second 
asec Ave., S. W., Waseca, Minn. 
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Current HP 
Speeds Shaft Diameter BRIGHT DIP 
Mounting Product | Copper-Brite, a bright dip for brass, 
Leieeramt: “nitbinensiemn :’ amine nen comnumee .dienieeniin copper, bronze, nickel silver, phosphor ‘ 















er gS bronze, beryllium copper and most cop 


‘tailored”’ lloys, developed t t AN, AF. 
MARCO Totes di ae INC. “igs psig ORD. pet dS cascnemioa ree 


788 Terrace Blvd., Depew, New York aT} deal: tases quire: “After clear water rinse, shall leavé 
no residue that will interfere with co” 
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. Two minutes ago she wouldn’t have 

. ; traded her brand new vacuum cleaner 
for a mink coat. But now the cord is 
broken and she’s swearing she’ll never 

th again do business with the people who 

e make this %x!**! sweeper. 

7 Well, here’s a hint that may help. 
Many top-flight cord makers are using 
a Fiberglas yarn tension member, com- 
bined with a paper filler to give flexible 
cordage the extra tensile strength it 
needs. And they’ re also using Fiberglas 
yarns to bind the conductors and fillers 
to give cordage added flex life. 

Why not mail us the coupon below 
tion. for the names and addresses of the 
- people who use Fiberglas yarns in their 
ths cordage? Do it today! 
cond 
e 183 OWENS-CORNING 

FIBERGLAS WW 
brass. casino 
Be 
t COP 9 Fiberglas Corpor 
: AF. variety of products made of or with glass fibers. 
at 1 
ere FIBERGLAS IS IN YOUR LIFE...FOR GOOD! 
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HERE’S WHY FLEXIBLE CORD 
REINFORCED WITH FIBERGLAS* 
YARN IS BETTER— 


—FIBERGLAS YARNS have unusual tensile 
strength, even in small diameters 


—FIBERGLAS YARNS resist moisture, oils, 
and most acids 


—FIBERGLAS YARN reinforcement helps 
make cord round, smooth, better looking 


—FIBERGLAS YARNS give increased flex life 


—FIBERGLAS YARN-reinforced cords cost no 
more than conventional cords 


Please give me more information about wire and cables : 
, nae ee 
Sg st ee a 
WN ie hic, aphid teebiooiot ta 

! OI 65 ou cc on eseticligs ce Caan 

fe Sig cS | eee 
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with 16 transfers. 




































If you have been looking for a fast-acting, multi- 
contact relay designed specifically for alternating 
current, your search is ended. North Electric 
engineers, pioneers in many relay designs, 
developed this one to operate on 70 to 220V. AC 
(110V recommended) provide up to 16 make 
and/or break contacts and deliver 35 gramms pres- 
sure on each. Suitable for controlling up to 1.5 
amps. at 32V. DC or 3 amps. at 110V. AC. Double 
gold-alloy points are standard. Also available with 
power points (4”" silver). More than 100 contact 
combinations available . . . It’s new, it’s unique and 


typical of a full line of 


NORTH 


Industrial 


RELAYS 





















1432M South Market Street, Galion, Ohio. 
Ask for the new relay catalog 















ductivity”; and “Leaves nonferrous met- 
als in a passivated state, resistant to fur- 
ther oxidation.” Said to be safe to handle, 
special drains not required, nontoxic, 
nonfuming, requires no special ventila- 
tion, does not etch, will not discolor sil- 
ver solder. Rossaul Co., 170 5th Ave., 
New York 10. 
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AIRCRAFT MOTOR BRUSH 
Brush is especially designed for op- 
eration on aircraft motors and gener- 
ators. Chemically treated and untreated 








brushes or sections are combined in such 
way as to put right amount of film on 
the commutator or ring for operation at 
high altitude. In most cases brush is 
of sandwich construction, the impreg- 
nated section, which can be varied in 
width as required, cemented to two 
layers of untreated materials as illus. 
trated. Thickness of treated section con- 
trols amount of film deposited by brush, 
On brushes % in. thick or greater, split- 
brush construction can sometimes be 
used. On smaller brushes where two or 
more brushes operate in tandem, com- 
binations of one treated brush and one 
untreated brush can be used, to reduce 
costs. Impregnated section always con- 
tains same amount of impregnation. Pure 
Carbon Co., Inc., St. Marys, Pa. 
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CORD PLUG 


Double spring-type blades in new 
plug are designed for good contact in 
worn receptacles. Blades are “bowed 
out” in both directions to insure com 
nection, regardless of where contact 
is located in receptacle. Flexibility of 
blades also prevents plug dropping out of 
loose receptacles, but plug does not pull 
out too hard in tight receptacles. Blades 
have been UL approved for use on elec- 
trical cords for up to 15 amp at 120 
volts or 10 amp at 220 volts. Blade 
halves may remain spread apart to 
within % in. from outer end because of 
the flexibility of hinged joint at end of 
blades. Most receptacles have their 
contacts at this point. Cord set plug 
ends are available with blades in plastic 
bodies of several sizes and colors, wires 
welded to blades. Laminated Metals 
Products Corp., 9993 Broadstreet, 


Detroit 4. 
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HIGH-TEMPERATURE NUT 


Series Z-1200 nut for temperatures 1 
+12000 F. is self-locking, provides pi 
tection against vibration, impact and 
stress reversal in fully seated and pos 
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CHASE warehouses from coast to coust 
offer complete metal cutting services! 


CINCINNATI 
PROVIDENCE 
LOS ANGELES 
INDIANAPOLIS 
CHICAGO 
PHILADELPHIA 
MILWAUKEE 
ST. LOUIS 
DETROIT 

NEW YORK 
NEWARK 


CHICAGO 
PHILADELPHIA 
MILWAUKEE 
ST. LOUIS 
DETROIT 

NEW YORK 
NEWARK 


These warehouses also 


do slitting 


DETROIT 
NEW YORK 
NEWARK 
CHICAGO 


These warehouses 


also do slitting 


and shearing 


SEPTEMBER 1951 


When it comes time for slitting, 
shearing or sawing, check the Chase 
Warehouses listed above for the 
cutting facilities each of them have. 

Naturally, this work is done to 
your specifications on orders for 
metals we are able to fill. We'll help 


Chase 2 BRASS & COPPER 


WATERBURY 20, CONNECTICUT e SUBSIDIARY OF KENNECOTT COPPER CORPO?ATION ah 


out, too, on your brass, bronze, 
copper, aluminum, steel, fibreboard 
or other materials. Just tell us how 
you want it. The work will be done 
accurately. 


As usual—call Chase! 


Albanyt Cleveland Kansas City, Mo. 





Atlanta Dallas Los Angeles 
Baltimore Denver Milwaukee 
jee Boston Detroit Minneapolis 
. Chicago Houstont Newark 


Cincinnati Indianapolis New Orleans 





e The Nation’s Headquarters for Brass & Copper 





San Francisco 
Seattle 
Waterbury 


(Tsales 
office only ) 
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In selecting a tube socket for any application, it is wise 
te insist on quality if long, efficient service is your goal. 


Those who a saprerets precise workmanship, superior 
‘design and quality components will readily appreciate 
why JOHNSON sockets are preferred by so many for 
such a wide variety of applications. Whether employing 
porcelain or steatite bases, there is none finer any ere 
— at any price. 


123-206 Industrial Bayonet, Steatite, Silver- 
plated beryllium copper contacts. 
Base is 4 pin super jumbo, 259"x 
3%”. 

123-209 Medium 4 pin bayonet, heavy phos- 
phor bronze side wiping contacts. 
2-13/16" Dia. 

123-209SB Same as -209 but with Steatite base 
and beryllium copper contacts. 

123-210 Similar to -209 except smaller di- 
ameter. 2!/>” Dia. 

123-211 Standard 50 watt type. Double fila- 
ment contacts, phosphor bronze. 
33%" Dia. 

123-211SB Same as -211 but with Steatite base 
and beryllium copper contacts. 

123-216 Giant 5 pin Bayonet, phosphor 
bronze contacts. 334” Dia. 

123-216SB Same as -216 but with Steatite base 
and beryllium copper contacts. 

124-213 For Eimac 152TL and 304TL. 

124-214 For Eimac, with air cooling jet. 

124-215 For 250 watt tubes such as 204A, 
849, etc. 


CERAMIC MINIATURE SOCKETS SHIELDS 

120-267 7 pin. 133-278A 134” 

120-277B 7 pin with 133-278B 134” 
shield base 133-278C 2!'/,” 


ACORN TYPE 
121-265 Steatite. Mounting centers: 1-3/16”. 


SOCKETS FOR 833 AND 833A 
124-212 Steatite base. 5'/g” plate leads. 


WAFER TYPES 

Steatite, top and sides glazed. Brass contacts 

with steel springs, cadmium plated. 

122-228 Octal socket. 122-225 5 pin. 

122-227 7 pinmedium. 122-224 4 pin. 

129-296 6 pin. 122-217 7 pin small. 

122-237 Giant 7 pin Steatite wafer. For tubes 
such as HK257 and RCA813. 

122-247 7 pin Steatite for tubes such as 826. 

122-244 4 pin Steatite. Super jumbo base 
tubes such as 8008. 

122-101 7 pin Steatite wafer with shield. De- 
signed for VHF use with tubes such 
as 832. 

122-275 Giant 5 pin Steatite wafer socket for 
4-125A, RK48 tubes. Ventilation holes 
in base. 


WRITE DEPT. E-2 FOR COMPLETE CATALOG 


JOHNSON «¢ famous name ta Radio 


_E. F. JOHNSON CO. WASECA, MINNESOTA 


| 
| 
) 
| 
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tioned settings. In medium to high range, 
ZE series provides nut for sustained 
temperatures up to +550 F. Both ZE 
and Z-1200 series are available in hex 
and anchor styles. Former comes in five 
thread sizes, from 10-32 to %-24, NF 


with 8-32, NC, also available in hey 
nut. Series Z-1200 hex nuts come in 
four thread sizes, from 10-32 to %-24, 
while Z-1200 anchor nut series are avail- 
able in sizes 10-32, %-28, and %g@-24. 
Elastic Stop Nut Corporation of America, 
2330 Vauxhall Road, Union, N. J. 
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SUBMINIATURE RESISTORS 
Type WW-10 resistors are 13/32 in. in 
length, with 9/32 in. diam. Resistances 
range .from 10 ohms to 0.16 megohms, 
with tolerance of +1 per cent. Power 


rating is 0.15 watt at ambient tempers- 
ture of 85 C. Maximum temperature co- 
efficient is 0.0025 per cent per deg C 
from 20 to 100 C. Maximum voltage is 
150 volts. International Resistance Co., 
409 N. Broad St., Philadelphia 8. 
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ADJUSTABLE DOOR FASTENER 


All-metal adjustable pawl fastener fits 
through door panels, mounted by two 
rivets whose centers are 2% in. apart. 
Depth of spring-retained pawl is ad- 


justed by means of turning activating 
knob. Tightening of grip in this manner 
aids in effecting dust seal. Mounting strip 
measures approximately 3 x 1%6 i 

Available in ranges of adjustable depth 
of grip with protruding knurled knob 
(illustrated) to cover thicknesses from 4 
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450 to 1000 feet of Track Meiintoined Por Hour £ 
Powerful TDA BRAKES 


PROVIDE SAFE, EFFECTIVE CONTROL! 


RS mmremaor 
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Railway track maintenance has to be quick, safe and positive. And the Pullman- 
Standard power track maintenance machines can crib, clean ballast, and tamp almost 
as many ties in an hour as a multiple-power-tool hand tamping gang can do in a 
day! These fast working machines need dependable brakes to stop and hold them 
in exact but continually changing work positions. And they have them! They’re 
equipped with sturdy, TDA “P” Series Power Brakes. The simple design of these 
efficient brakes provides positive action—easy, low-cost maintenance. 


WHATEVER YOUR BRAKING PROBLEM— 
co TAKE IT TO TDA BRAKE DIVISION! 
































f 
> is 
Co., Modern industry is constantly working to produce machines that Here Are A Few Of The Many Products 
operate faster, safer and with greater efficiency. In many of these Which Can Be Equipped With TDA Brakes 
183 machines controlled rotation plays an important role. That’s why Centrifuges © Compressors © Conveyors © Cranes 
TDA Brake Division is putting its 40 years’ experience to good use Cream separators @ Diesel hook-ups © Dry cleaning 
in developing better, more efficient brakes to meet any type of indus- machinery © Extractors ¢ Hoists ¢ Industrial electric 
trial application. A staff of skilled brake engineers and TDA’s mod- Hades tethee Caa ae Sa Sennen 
fits ann eeodinnel faciliti d d hel I if mill machinery ¢ Machine tools ¢ Materials handling 
al ; production facilities stand ready to help you solve your specific equipment © Motors © Packaging machinery © Paint 
ae ae problem. If one of a complete line of dependable TDA Brakes mixers @ Press brakes © Printing presses © Rolling 
ok oesn’t do the job, TDA Brake Division will design a brake to fit mills @ Shears © Warpers (textile) © Welding posi- 
your needs. Simply mail the coupon below for complete information. tioners ¢ Winches ¢ Automotive ¢ Farm equipment 
Earth moving equipment ¢ Construction equipment 
Public transportation 
Ni ROT, 
ROTA, 
Co" ———  - - - -SSCee — 
TDA BRAKE DIVISION—DEPT.E-6 T 
Cay Bank® ASHTABULA, OHIO > 
7 Please mail brake information on these applications: | 
| 
ml. f || B KES 
= | onme { 
nne ’ . | 
sp | company ie TRA Beane suse 
; in. | ASHTABULA, OHIO. 
lepth | ADDRESS . 
knob | oy | 
i Nc ee enero aS ee ae: TRADE MARK REGISTERED 
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for DEMONSTRATING AND 
TESTING AUTO RADIOS 


New Models ... Designed for testing D. C 
Electrical Apparatus on Regular A. C. Lines. 
Equipped with Full- Wave Dry Disc Type 
Rectifier, Assuring Noise-less, Interfer- 
ence-Free Operation and Extreme 
Long Life and Reliability. 


¢, 
new moves 7, / NEW DESIGNS 


oD 


Avto Radio Vibrotors 


See your jobber or write factory 


“A” Battery Eliminator, DC-AC Inverters 


: 
American Tetevision « Ravio Co 
ees 


SAINT PAUL is a he ene.| 


an = 
OTT ES, fy rr0dactl 


to 1% in.; with flush slotted head, % to 
1% in. Construction is steel with cad- 
mium or chrome-plated knob and screw. 
Southco Div., South Chester Corp., 1418 
S. Penn Square, Philadelphia 2. 
Inquiry Facility, page 183. | 
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FINGER BRAKES 


Di-Acro box finger brakes are available 
in four sizes. For size No. 1, maximum 
forming width is 6 in. and maximum box 


|depth is 2 in.; for size 2, 12 in. and 2% 
|in.; size 3, 18 in. and 2% in.; size 4, 24 
| in. and 3 in. For all sizes, maximum bend 
|is 125 deg and maximum material ca- 
pacity is 0.062-in. width of 16-gage steel 
plate, with heavier gages of narrower or 
more ductile materials in proportion. 
| Units perform functions of box and pan 
| brake, bar folder and standard brake, in 
| addition to replacing dies for many dupli- 
| cating operations. O’Neil-Irwin Manufac- 
|turing Co., 309 8th Ave., Lake City, 
| Minn. 
~ircle No. 43, Reader Inquiry Facility 


CHROME PLATING UNIT 


Model A-50 Chromaster is addition to 
new line of industrial hard chrome plat- 
ing units. In combination with Chroma- | 
sol solution, it affords production tool for | 

| plating directly on cutting tools and wear | 
parts. Bench-mounted unit has capacity | 
for plating metal surfaces totaling 25 sq 


in. at recommended current density of 2 
amp per sq in. Consists essentially of | 
built-in selenium rectifier power supply, 
rectangular plating tank and instrument 
panel. Continuously adjustable autotrans- 
former controls current. Cabinet is 14 x | 
32 x 19 in. Operates from single phase | 
| 110-120 volts, 60 cps. Ward Leonard | 
Electric Co., 34 S$. McQuesten Parkway, | 
Mt. Vernon, N. Y. 
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NYLON BALLS 
Balls are fabricated from nylon FM- | 
10001 to tolerances of +0.001 in. on 


diameters. Applications are valve com- | 
ponents, specialized anti-friction bear- 





CONTROL HEATED SURFACES 
WITH ULANET SHOCKPROOF 


Strip Type 


THERMOSTATS 


A rugged design that stands up in 

rugged service. Self-locking adjust- 

ment provides close, positive, 
quick control. 


MODEL HK 

% The live metal parts of this Ulanet unit 
are shielded by a nickel plated housing and 
Fiberglas insulated lead wires are provided. 
Heat resisting alloy metal parts are used in 
the thermostat construction to insure longer 
life. The thermal responding element car- 
ries no current and is mica insulated from 
the switch as are all other parts. Heavy 
duty heat-dissipating electrolytic silver con- 
tacts give positive control. 

Overall size of the unit is only 214" 

4" W, Y."H. Rating is 1500 watts, 
115-230 volts ac. Weight only 2 oz. Max- 
imum operating temperature 550°F. 


MODEL 
HS 
Without adj. shoft, 
knob & limit stop. 


Illustrated literature is available on many 
standard Ulanet Thermostats and Thermal 
Timers. Please state your requirements. 


GEORGE ULANET 
COMPANY 


418 MARKET STREET 
NEWARK 5, NEW JERSEY 


If your problem is Heat Control 
your solution is Ulanet— 
Precision Thermostats & Thermal Timers 
Exclusively Since 1931 


ELECTRIC HEAT CONTROL 
a ReaD ba ae) 
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It’s the new Taylor Catalog... 48 fact- 
filled pages of descriptive and engineering 
data on Vulcanized Fibre, Phenol Fibre 
and Special Laminates. If you are looking 
for new ways and means to improve your 
product, and save money too, here’s an idea 
source guaranteed to spark the imagina- 
tion and give you a hat full of hints, tips 
and suggestions. 


In this new Taylor Catalog you will find 
all the details you need to know about 
electrical, physical and chemical proper- 
ties of sheets, tubes and rods. It tells you 
how to design, plan, and buy for maximum 


TAYLOR FIBRE CO. 


NORRISTOWN, PENNSYLVANIA 


FO 





WEST COAST FACTORY: LA VERNE, CALIF. 
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FOR THE 
PLASTICS 


economy. It offers valuable tips and sug- 
gestions on how to select the right Taylor 
material for the job. It shows you how to 
machine these versatile materials . . . gives 
you weights, suggested applications . 
specifications. 


And that’s not all! There’s a lot more 
information as well... tables, diagrams 
and technical data that you'll find of 
constant value. 


This new Taylor Laminated Plastics Cata- 
log should be in your files. For your free 
copy, just fill in the coupon below .. . mail 


it today ... we'll do the rest! 


TAYLOR FIBRE CO., Dept. EM 11 
Norristown, Pa. 


Send me my free copy of the new Taylor 
Laminated Plastics Catalog : 






NAME 





TITLE 
COMPANY 





SHADED-POLE INDUCTION 


motors 


1/5O0th to 1/500th H. P. 


’ 
| 


Enclosed self-aligning 


oil-less sleeve bearings 
Internal cooling fans 
Insulated connecting leads 


Well insulated covered 
coils 


Symmetrical electrical 
and mechanical design 


Precision construction 


Trouble-free and quiet 
operation 


These famous Smooth Power Small Motors meet 
every requirement for dependable, trouble-free 
performance. Write today for complete informa- 
tion, specifications and quantity price quotations. 


THE GENERAL INDUSTRIES co. 
DEPARTMENT D e ELYRIA, OHIO 


ings, detents, etc. Standard sizes are \%, 
Ko, Ke, Ma, Ye, %, Ye, 5, and % in, 
Intermediate sizes can be made to order, 
Only natural color, alabaster, is avail- 
able. Tensile strength by ASTM test 
D638-44T varies from 15,700 psi at 
—70 F to 10,900 psi at +77 F and 7600 
psi at +170 F. Flow temperature ey. 
ceeds 480 F. Coefficient of thermal ex- 
pansion per deg F is 5.5 x 10-5. Dielec- 
tric strength, short time, measures 385 
volts per mil. The 60-cycle dielectric con- 
stant is 4.1. Material is highly resistant 
to many chemicals. Ace Plastic Co., 9130 
Van Wyck Blvd., Jamaica 1, N. Y. 
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Laboratory and 
Engineering 
Equipment 


To obtain additional information on items 
reviewed below, the Reader Inquiry Fa- 
cility with postpaid return cards is pro- 
vided on page 183, where titles and key 
numbers are repeated for convenience. 
Fill out card, circle numbers desired 
and mail. 


CHART PHOTOMETER 


Chart-photometer provides means for 
judging reflectance by measured stand- 
ards. Color standards are edge-mounted 
on 11 charts pivoted for rapid compari- 
son. Each chart corresponds to one of ten 
major hues, plus scale of 19 neutrals. 
Each hue is represented by two scales of 
eight values, for weak and maximum 
chromas for each level between black and 
white. Three masks are provided for iso- 
lation of sample and standard against 
neutral background. Comparison may be 
made for estimate of hue, value and 
chroma. Reflectance percentages for all 
189 color standards on chart are com- 
puted for three standard illuminants. 
Munsell Color Co., Inc., 10 E. Franklin 
St., Baltimore 2, Md. 
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FREQUENCY STANDARDS 


Model 100D provides controlled sinu- 
soidal frequencies of 100 kc, 10 ke, 1 ke, 
100 cps and 10 cps. Rectangular waves 
of last 4 frequencies are also generated 
from which harmonics as high as 5 me 
can be obtained. Instrument also pr0- 
vides marker pips at 100, 1000 and 
10,000-microsec intervals. Can be stand- 
ardized with aid of self-contained oscil 
loscope. Panel trimmer allows oscillator 
frequency to be varied over about ” 
cps for correction purposes. Stability ® 
about 1 part per million over short a 
tervals, with accuracy of 2 ppm pe 
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Complete assemblies with 
Permendur, steel or alumi- 
num bases, inserts and 
keepers as specified. Mag- 
netized and stabilized as 
required. 


j 
} 
j 
| 





| 

| week at room temperature. Sine output 
| of 5 volts into 5000 ohms has less thap 
| 4 per cent distortion. Pushbutton lowers 


% TRANSFORMER 
% SATURABLE 
REACTORS 


% ELECTRONIC 
DEVICES 


TRANSFORMERS 


Specialists in SMALL quantities 
of custom built transformers 
from milliwatts 
to 50 KVA, single 
or polyphase— 
designed and 
manufactured to 
best meet your 
exact requirements. 


Taazan aN MFG. CO. 


1901 CLYBOURN AVENUE °* CHICAGO 14, ILLINOIS 


The Finest of Laminated Materials... 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 

SHEET STOCK: Maximum width—5S” 
Minimum width—%” 
Thickness—down to .003” 
TUBING: Maximum diameter 1” x .050” wall 


wire: All sizes down to .0045” diameter also 
squares, rectangular and odd shapes. 
In additign to laminated materials we also furnish alloyed gold and 
silver in sheet, wire or tubing form. 


The many varied applications of our materials cannot be listed here, 
but you are cordially invited to inquire for infor- 
mation regarding your requirements. 


The Home of IMPROVED Service 


IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1896 


.. 775 Eddy Street, Providence 5, Rhode Island 
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oscillator frequency by about 1 cps at 
100 ke as aid in frequency measurements, 


Power is approximately 150 watts at 115 
volts, 50 or 60 cps. Size is 19 x 10% x 12 
in.; weight 65 lb. Mounting by rack or 
in cabinet. Hewlett-Packard Co., 395 
Page Mill Rd., Palo Alto, Calif. 


a 
Facility 


HIGH-VOLTAGE SUPPLY 


Model 1250 high-voltage supply is con- 


| tinuously variable from 200 to 1000 volts 


and delivers up to 500 ma. Output volt- 
age variation over load range is less than 
% per cent for line fluctuations from 105- 


| 125 volts. Ripple is less than 20 mv. 
| Power supply has input and output fuses 
'on front panel, time-delay relay, and 
overload relay. High-voltage d-c termi- 
| nals on front panel and also brought out 
| at rear of chassis; negative side is ground- 
ed to chassis. Rack panel cabinet height 
|is 28 in., width 21% in., depth 16 in 
| Weight is approximately 167 lb. Kepeo 
Laboratories, Inc., 149-14 41st Ave, 
Flushing, N. Y. 
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SQUARE-WAVE GENERATOR 


Model 438A square-wave generator is 
for use in measuring performance of alr 
dio, video, and r-f amplifiers and ne 
works. Wide-range variable-frequenty 
multivibrator drives two-stage clippéet 
circuit to produce negative square wave 
External driving voltage is not requi 
although synchronizing input circuit 
buffer amplifier are provided to 
generator to be operated synchronous 
with other equipment. Separate output 
syne signal is available for triggering. 
(Continued on page 188) 
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_ 


200,000 SQUARE FEET _ 
OF MODERN PRODUCTION @ 
EQUIPMENT AND SKILLS 


rncak 


TWO SPECIALLY DESIGNED PLANTS PRODUCING 
SPECIALS * SEMS * THREAD-CUTTERS ° AIRCRAFT ° PHILLIPS HEAD SCREWS 


IN ALL COLD-HEADING MATERIALS 


SUPPLY ...is Camcar’s Standard. From raw material storage to shipping 
dock, Camcar specialists know that Screws, Fasteners, and Special Parts 
serve no good purpose until they are assembled into your products. 


Hundreds of CAMCAR specialists are making it their business to produce 
millions of Screw Fastenings and Special Parts...to match the efficiency 
of your high production assembly lines. 


Don’t take our word for it...prove to yourself how speedily and effi- 
ciently CAMCAR Special and Standard Screw Fasteners can be shipped 
to your assembly lines. 


TELEPHONE 5-9451 TELETYPE RK-53 


AMGAR scREw & MFG. coRP. 


602 EIGHTEENTH AVENUE ROCKFORD, ILLINOIS 


YOU'LL HEAR THIS NAME OFTEN uD PLE Dr a 
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TRANSICOIL 


ae 
po 
hai, 


TE acca 


CONTROL MOTORS 


Transicoil Servo Control Motors are 
2-phase units, available for either 
60-cycle or 400-cycle operation, in 
sizes from fractions of a watt to 10 
watts mechanical output. They are 
precision assembled to operate under 
difficult conditions. Manufactured to 


PRECISIO 


. inia 
eautifully min 
. the mo 
° . 
Transic 


tor and dat 


ments and to pr 


output shaft, 


N GEAR TRAINS 


turized, designed 
a ele- 
vide the necessary 
oil Precision 


your phase voltage requirements— : 


line operation or plate-to-plate. 
Plate-to-plate types are a Transicoil 
development that has reduced weight 
and size. Moreover, they eliminate 
the need for output transformers. 


fine watch in 

ains match o : 

aa sa construction. TYP&s - 
oman: for all Transicoil on 

plie 


control motors- 


INDUCTION GENERATORS 


Designed for operation in electronic 
equipment in which a variable voltage 
output must be proportional to a shaft 
speed having the same frequency as 
the supply. Output voltage is linear 
over an extended range. Low re- 


el Sy goss 


sidual voltage, as a function of the 
design, enhances the performance 
of associated components. Induction 
generators also furnished with motor 
gear trains as a complete assembly 
when desired. 


restrictions an 
oe icol Amplifiers* 
Cw cs OS: 
reduction rate, 
input 


You specify 
phase voltag&. 


ift, 
mounting, gain, phase shi 


impedance, and do 


can also 


back loops | components. 


with Transicoi 


NOW! GREATLY EXPANDED FACILITIES 


To meet the fast-growing demand 
for its products, Transicoil has re- 
cently tripled its production facil- 
ities. As in the past, there will be 
no “standard” Transicoil compo- 
nents. Each unit is designed, elec- 


TRANSICOIL CORPORATION 


New York 13, N.Y. 


107 Grand Street 


trically and mechanically, tomatch 
your specifications exactly. En- 
gineering representatives in 
leading cities. They will be happy 
to give you information on any 
specific problem. 


(Continued from page 182) 


Continuously variable attenuator mount. 
ed in shield can has range of about 24 
db. Frequency range is 6 to 1,000,000 
cps. Output about 24 volts peak-to-peak, 
when operated on 115-volt line. Max 


total attenuation is 84 db below 24 volts. 
With load of 15 mmf across output, rise 
time is about 0.03 microsec when attenu- 
ator at end of cable is in lower third of 


| range. Electro-Mechanical Research, Ine, 


Ridgefield, Conn. 
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INSTRUMENT AMPLIFIER 
Bridging amplifier, designated as Model 


| 102 Phantom Repeater, is intended for 


connection between high-impedance cir- 
cuit under test and indicating instrument, 


| Input impedance is 200 megohms, shunt- 


ed by 6.2 mmf from 3 to 80,000 eps, 
Output impedance is 300 ohms in series 
with 20 mf. Minimum load’ impedance 
is 3000 ohms. Gains of 1, 10 and 100 are 


| selectable with accuracy of 2 per cent. 


Frequency response from 5 to 150,000 


| cps is within 2 per cent of midband 


gain. Noise is equivalent to less than 70 
microvolts at input, with test leads com 


| nected across 1 megohm. Maximum input 


signal is 10 volts rms, superimposed on 
600 volts d-c; maximum output is 10 
volts rms. Line variations from 103 to 


| 125 volts cause less than 2 per cent 


change in gain. Dimensions are 10% x 
6% x 4%. Weighs approximately 11 b. 
Keithley Instruments, 1507 Warrensville 
Center Rd., Cleveland 21. 
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MULTIPLE POWER SUPPLY 


Model 610 features two regulated d¢ 
supplies isolated from ground and each 


| other, which may be used singly or in any 
| combination with either positive or nega- 


tive terminal grounded. Following 4-¢ 
voltages are regulated: channel A, 0-300 
volts, 200 ma; channel B, 150-250 volts, 
125 ma; 0-550 volts, 125 ma; 0-250 volts, 
325 ma; 150 volts, 5 ma. Unregulated 
channel C provides 24-32 volts d-c, 1 
amp and 6.8 volts a-c at 5 amp. Regula- 
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Your inquiries are cordially in- 
vited and will receive our prompt 
and interested attention. 


SEPTEMBER 1951 


A rotor with three precious metal caps to act as contacts was 
needed by a leading automotive manufacturer for use in a 
special switch. Soldered-on caps were soft and expensive. 
Rivets might work loose. 


As an ideal solution, this new Makepeace insert material was 
created. It consists of precious metal slugs brazed into strip 
stock and positioned to form the desired part. The precious con- 
tact material is only where it is wanted, firm and secure for 
blanking and forming. And .. . of great importance . .. it is 
hard and wear-resistant due to cold working. 


This new material is particularly adapted to rotors in switches 
and small bridge contacts... any formed part embodying two 
or more contact points. Please note . . . Patents have been 
applied for. 


For better performance and lower unit cost, design your next 


switch to make use of this new material. Our own staff of 


thoroughly experienced engineers and metallurgists are at your 


service to assist in working out your particular problem. 





tion of channel A is better than 1 per 

cent for rated current and line variations 

-— between 105-125 volt over output range 
44h, 4 of 30-300 volts: Channel B maintains 
14 MA this regulation over full range of output 
ie | voltage. Ripple voltage is less than 5 my, 

a Cabinet is 10%x22x15 in. Can be sup- 
p an B a al 7 # D U $ ‘| R | fy | plied for relay rack mounting. Bristol En- 


gineering Corp., Lincoln Ave., & Pond 


T 0 4 3 St., Bristol, Pa. 
¢ 4) & TAC N Circle No. 51, Reader Inquiry Facility, page 183 ’ 
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- une COUNTING DEVICES i 


Type M 1731 Eventometer is designed 7 
to count signals in range from 10 eps to 
150,000 cps having amplitudes over 0.05 
volts rms and less than 100 volts rms, 
Input impedance is 100,000 ohms. Signal 
passes through amplifier, amplitude dis- 
criminator, electronic switch and five dee- 
Underwriters’ Approved. ade counters of binary type. Count is 
600 Volts AC 


Non-Reversing 

2 to 4 Pole 2-3/4” w. x 3-5/8” h. x 3-5/16” d. 

5 to 8 Pole 5-9/16" w. x 3-5/8” h. x 3-5/16" d. 

Reversing 

2 to 4 Pole 5-9/16" w. x 3-5/8” h. x 3-5/16” d. 

Note: 10 and 15 ampere contactors have same mounting and over- 

all dimensions. 
ACCESSIBILITY 

To replace contacts, it is not necessary to disassemble the complete 

contactor. Just remove the parts comprising the stationary and 
movable contacts. Contacts can be replaced without disturbing shown by illuminated lights. Duration of 
wiring. To change coil, remove magnet frame and coil assembly illumination is adjustable from 0.5 sec to7 


only. (See illustration below.) over 5 sec. Thus photographs of counts § 
FLEXIBILITY 


may be taken. Accuracy is + 1 cycle. § 
om ‘ ] Internal 100-ke oscillator or external fre- 7 
Using a screw driver only, you can easily change any pole from quency source controls time base; scan | 
normally open to normally closed. No special parts required. 10 time may be controlled from % sec to 
and 15 ampere parts are interchangeable. indefinitely longer. In desk-type rack, in- 
RELIABILITY strument is 25 in. high, 21 in. wide, 18% 
in. deep. Rack-mounting dimensions are | 
21 x 19 x 10% in. Weight is 95 Ib. The | 
Walkirt Co., 5808 Marilyn Ave., Culver? 
City, Calif. 
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Laboratory tests involving millions of operations, plus field serv- 
ice of thousands of R-B-M contactors on door operators, radio 
transmitters, packaging and weighing machinery, hoists, machine 
tools and many other industrial appli- 

cations offer proof of dependable, 

trouble-free performance. 


ADVANCED DESIGN TIMMS SAREE 
Melamine Insulation. Molded coil oe Labmarker is wave-shaping device for 
housing. Ilsco solderless connectors. re till producing time marks in cathode ray 0& 
50/60 cycle magnet coils. Palladium ) aK cillography. Sine input is converted into 
silver contacts. Stainless steel self-con- 2 > series of sharp unidirectional pulses. Tim- 
tained contact springs. ing marks are obtained by connecting 

© output to “Z” input of oscilloscope. Trace 


Where space is a factor, and accessibility a ag may be intensified or blanked. In Model 


must—use R-B-M industrial contactors. Initial 

low cost plus dependable performance will 

save you money. Write for Bulletin 600 and 

price list on your company letterhead. 
Address Dept. A-9 


1-U1 pulse duration is approximately 0.1 
cycle. Positive and negative pulses are 
provided, 180 deg apart if both outputs 
are used simultaneously. Model 1-N1 is 
electrically similar but only negative 
pulses are provided. Model 1-P1 gives 


R = 6 -M DI VI S if N only positive pulses. Peak amplitude ¢ 


pulse is about 1/20 of rms input, whi 
E Ss EX WHE R Ee £ may be up to 36 volts. Frequency rangé 
OR P, | is 25 cps to 1 mc. Overall length is 5% 
ogansport, Indiana in.; diameters are 1% in. for 1-Ul, 1% 
| in. for 1-N1 and 1-P1. Berkshire Labora- 
MANUAL AND MAGNETIC ELECTRIC CONTROLS tories, 512 Lexington Rd., Concord, Mass. 
FOR. AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE Circle Ne. 53, Reader Inquiry Focility, poge ail 
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Large as our 1951 production gains have been, they have 
not enabled us to keep pace with the unprecedented de- 
mand for AlSiMag Custom Made Technical Ceramics. But 
if you will be patient with us just a little longer we should 
soon be able to meet ‘almost any requirements and any 
reasonable delivery date. Complete new plants and pro- 


” Production of AlSiMag Tech- 
nical Ceramics during 1951 has 
been greatly increased by: 


a. Installation of new rotary 
presses and new large high 
speed automatic presses and 
auxiliary equipment. 


b. The development of mul- 
tiple impression dies which pro- 
duce many pieces at each 
stroke of the press. 


c. The perfection of sintered 
carbide dies made in Ameri- 
can Lava Corporation’s die 
shop, which result in far long- 
er runs with jess ‘‘down” time 
for die replacement or repair. 


d. The design and production 
of exclusive special purpose 
machinery for specific require- 
ments of our industry. 


e. Bringing into full production 
a complete new plant. 


a 


duction facilities should be available near the time you 
read this advertisement. ® This has been planned so care- 
fully and training programs have been under way so long 
that we feel confident the increased production will be fully 
up to our highest standards and maintain our reputation 
for delivery on specification and at the promised time. 


AUSIMAG} AMERICAN LAVA CORPORATION 


5OTH YEAR OF 


OFFIC 


CERAMIC LEADERSHIP 
CHATTANOOGA 5, TENNESSEE 


Pat ES: METROPOLITAN AREA: 671 Broad St., Newark, N, J., Mitchell 2-8159 © CHICAGO, 228 North LaSalle St., Central 6-1721 
New ADELPHIA, 1649 North Broad St., Stevenson 4-2823 


° LOS ANGELES, 232 South Hill St., Mutual 9076 


ENGLAND, 1374 Massachusetts Ave., Cambridge, Moss., Kirkiand 7-4498 ® ST. LOUIS, 1123 Washington Ave., Garfield 4959 





to 20% Wigher 


Production 
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@ Yoder now announces the greatest 
forward step in tube welding since the 
introduction of the first patented Yoder 
Tube Welder in 1939. The enviable 
production records established by this 
welder largely account for the fact that 
Yoder have furnished more than half 
of all the resistance-weld tube mills 
since installed in the U.S.A. 


The heart of the new welder is a trans- 
former of revolutionary design. It 
consists of four smaller transformers 
surrounding a common core and mak- 
ing an assembly of unprecedented com- 
pactness and strength. Reduced impe- 
dance accounts for its higher electrical 
efficiency. It insures longer service life, 
fewer interruptions for servicing, 
repairs and maintenance. 


Compared with the previous Yoder 
welder, the production gains may be 
as high as 20%; compared with other 
tube welders, the gain may be as high 
as 50 to 60%. These gains go far 
toward compensating for increased 
labor and material costs. 


The welder is furnished with all new 
Yoder mills, and is also available for 
replacing welders in other makes of 
resistance-weld mills, to step up pro- 
duction and reduce conversion cost. 


Descriptive literature, consultation 
and estimates for the asking. 


THE YODER COMPANY 


5536 Walworth Ave. * Cleveland 2, Ohio 


Resistance 
| 
etn tae ae 


Literature 
forthe Asking 


To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 183. 


SNAP-ACTION SWITCHES—Four-page 
bulletin No. 54 summarizes line of over 
5000 switches. Units are classified under 
9 types: heavy-duty and medium-duty 
limit; explosion-proof; high-capacity en- 
closed; die-cast enclosed; basic, miniatur- 
ized, and actuators. For representative 
switches in each classification, operating 
and release force, over-, pre- and differ- 
ential travel are listed. Micro Switch 
Div., The Minneapolis Honeywell Regu- 
lator Co. 

rcle No. 54, Reader Inquiry Facility 183. 
INDUCTION VOLTAGE REGULA- 
TORS—Twenty-page bulletin GEC-795 
describes line of single-phase low-voltage 
dry-type induction voltage regulators 
rated from 0.3 to 24 kva for use in cir- 
cuits from 3 to 240 kva. Dimensions, 
ratings and operating connections are 
presented for hand, motor and automat- 
ically operated units. Applications are 
suggested. General Electric Co. 
Circle No. 55, Reader Inquiry Facility, page 183 
SCREW PRODUCTS — Eleven-page 
booklet contains detailed data on Un- 
brako standard line of screw products 
including socket-head cap, self-locking 
socket set and square-head set screws; 
flat-head socket cap screws; stripper 
bolts; pressure plugs; socket screw keys; 
dowel pins; socket set-screw points. 
Standard Pressed Steel Co. 
Circle No. 56, Reader Inquiry Facility, page 183 
MOLDED RUBBER PARTS—Twelve- 
page brochure reports engineering and 
research services, industrial capacity, typ- 
ical molded-rubber products, location 
and transportation facilities. Stowe- 
Woodward, Inc. 
Circle No. 57, Reader Inquiry Facility, page 183. 


FOUNDRY AFFECTS DESIGN—Article 
of six pages gives 10 basic rules designer 
should follow to facilitate production of 
sand-cast metal parts. Reasons for in- 
fluence of casting problems on product 
design are explained in detail with aid 
of many drawings. The Hamilton Foun- 
dry & Machine Co. 


Circle No. 58, Reader Inquiry Facility, page 183 


NYLON, TEFLON FORMS—Four-page 
leaflet presents data on formulations, 
physical characteristics, and available 
sizes of nylon rod, strip, tubing and slabs, 
and of Teflon rod, strip and tubing. The 
Polymer Corporation of Pennsylvania. 

Circle No. 59, Reader Inquiry Facility, page 183 


THREADED BARS — Leaflet of two 
pages gives dimensions, kind of thread, 
and types and finishes of available 


WANTED! 
Speed-Change 
PROBLEMS 
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The 


Complete VARIABLE SPEED DRIVES 


@ Variable Speed Pulleys 
@ Adjustable Motor Bases 
© Countershaft Bases 

Se elie 

Oe ee ume hts 


Here’s the “Why” 
of Roto-Cone’s 
Superiority... 


V to V DRIVE 
sizes Ye to 15 hp. 


UP TO 4to 1 
Speed-Change Ratio 


Straight Line 
SRM Uh 


is Industry’s most ver~ 
eile speed control drive. 
Rack and pinion arrange- 
“ment, exclusive in pee 
Cone, provides equal one 
opposite lateral mnavennen . 
of both discs, therefore 
belt always travels s 
fixed center line. rey is 
maximum, vibration ne 
transmission of power an 


= full belt life. No expensive 


II 


angular base mounting re- 
quired. 
Write for details and the 


assistance of our speed con- 
trol engineers. 
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GERBING MFG. CORP. 


DEPT. C. NORTHBROOK, ILL. 
(Suburb of Chicago) 
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INSULATION STAYS PUT 
in the toughest service 


"IT'S SURE 
RUGGED!" 











.». When you use T&B 
Sta-Kon’ Self-Insulated 


Terminals* 


Nylon insulation on these new T & B Sta-Kon Self- 
Insulated Terminals is press-fitted and anchored 
by flaring terminal barrel. Staking operation 
keys it in place to stay. 


These new components end the risk 
of shorts between closely-mounted 
terminals. Metallic portion retains 
all the proved advantages of the 
Sta-Kon design— high conductivity, 
permanent grip. Lightweight nylon 
insulation prevents metal-to-metal contact between 
terminals... without an extra insulating operation. It 
withstands action of gasoline, naphtha, hydraulic fluids. 
It’s color-coded for quick identification. 


SIMPLE, SURE ASSEMBLY 

One operation stakes terminal to wire with terrific force 
... holds wire insulation firmly inside terminal. SHuRE- 
StaKE Hand Tools apply 1-ton staking pressure every 
time—jaws can’t open till full force is exerted. Air 
tools available too—hand-held or bench-mounted. 


ENGINEERED RIGHT...DISTRIBUTED RIGHT 

Sta-Kon Self-Insulated Terminals are typical of the 
many T & B quality fittings recently re-designed to 
give you outstanding performance at lowest installed 
costs. Like all T & B fittings, they’re furnished 100% 
through local T & B distributors under the T & B Plan. 


THERE'S A 






Maid te 
PRODUCT 

" for every 
wiring job 

in the 


THE THOMAS & BETTS CO., ncuron ‘Sarina 


28 Butler Street, Elizabeth 1, New Jersey for all a 


*Patent Pending 


MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1898 raceways. 
ORIGINATORS OF SELF-INSULATED SOLDERLESS TERMINALS IN 1935 


PRA NL ATRL RR URA RRR URR RARER RRR RRRR REE R CRORE EERO RC RE EERE Seca eee eeeeeaeeeenunenannnnnssnnnnnnnn ni 


Our Field Design Engineers are ready to help you on special fittings problems. Ask-your nearest T & B Distributor to arrange to have one get in touch with you. 
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threaded steel bars. Accessories illus- 
trated include turnbuckles, nuts, wash- 
ers and lugs. Joseph T. Ryerson & 
Son, Inc. 

Circle No. 60, Reader Inquiry Facility, page 183 








TEXTILE DRIVES — Booklet B-4034 
contains 32 pages giving factors for 
selecting electric drives for continuous 
ranges in textile finishing. Application of 
firm’s adjustable-voltage drive to bleach- 
ing, dyeing and printing ranges is de- 
scribed, along with method of controlling 
tension. Packaged drives for semi-con- 
tinuous batch operations are discussed. 
Westinghouse Electric Corp. 

Circle No. 61, Reader Inquiry Facility, page 183 








SILICONE O-RINGS—Eight-page cat- 
alog 502B offers information on O-rings 
molded from silicone-rubber compounds. 
Comparative properties of natural and 
synthetic rubbers and available ring types 
are listed. Data are given for gland 
groove design and proper installation of 
rings. Ring and gland dimensions are 
tabulated for applications involving re- 
ciprocal motion, partial rotation or static 


sealing. The Arrowhead Rubber Co. 
No. 62, Reader Inquiry Facility, page 


DIE-MAKING MATRIX—Twenty-page 
booklet A15 describes method of punch 
and die setting using an alloy of bismuth, 
lead, tin and antimony. Properties, and 
methods of melting, casting and applying 
matrix material are covered. Typical 
punch and die applications are illustrated 
and discussed. Cerro de Pasco Corp. 

ircle No. 63, Reader Inquiry Facility Te) 
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MERCURY RELAYS—Four-page leaflet 


presents construction and operating prin- 


This aew 64 oz. ciple of hermetically sealed mercury re- 

Bk , lays rated up to 35 amp, 110 volts a-c: 

injection press is another or 25 amp, 220 volts a-c. Dimensions, 

in a long line of very good — —— ¢" coil data are given. 
m 7 “lectric Devices, Inc. 

habe a reasons for calling on Circle No. 64, Reader Inquiry Facility, page 183 





yoo hike ss 
a Watertown when you're faced 


SOLDERING—Booklet of 34 pages dis- 
cusses soldering methods, features of 
the right custom molder merit to look for in soldering irons and 
factors involved in selecting right iron for 
job. Line of irons is cataloged. Stanley 
Take advantage of this more than efficient Tools. 


with the problem of selecting 


for that big, important job. 






mating of trained, capable minds and a smooth rcle No. 65, Reader Inquiry Facility, page 183 
functioning, versatile machine ... a combination with the TUBE-TYPE MOTORS—Brochure cov- 
proven ability to deliver any type of large, one-piece housing, ers ratings and construction of totally en- 






closed fan-cooled motors with tube-type 
air-to-air heat exchangers. Units range 
in one piece might well be the answer to the high cost from 40 to 3000 hp, in squirrel-cage, 
wound-rotor and synchronous construc- 


tions. Allis-Chalmers Manufacturing Co. 
At Watertown you'll always find the perfect production situation .. . rcle No. 66, Reader Inquiry Facility, page 18 


cabinet or panel requiring thermoplastic materials. Molding your part 












of sub-assembly procedures. 


constantly improving and expanding plant facilities, BRAZING FORMS — Four-page leaflet 

skillfully applied under experienced supervision. No. 54 shows typical applications of 
rings and other preformed shapes of low- 
temperature silver brazing alloy. Factors 
involved in using forms are outlined. 


If you have a particular part or pro- 2 A | Handy & Harman. 
duct in mind, call on Watertown for ee | Ciecls ‘No 67. Reader Inquiry Facility, page 183 
the engineering facts and cost data, . re - PN Se gee ree 
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if your specifications are complete, 








: , : aa OMPANY 
drop a copy in the mail today for et Ree Ce Ww ; . 
price quotation and delivery inform- $F 400 ECHO LAKE ROAD | MOLDING POWDERS—Catalog of 24 
ation. . . . No obligation, naturally. hee 


WATERTOWN. CONNECTICUT | pages presents data on cellulose acetate 
| and ethyl cellulose molding powders. A 
flow scale is given, followed by elaborate 
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USINESS LETTERHEAD 
brings all back issues while 
still available — but write now! 


SEPTEMBER 195] 


Here’s a quick, convenient way for 
the designer, engineer and draftsman 
to keep up-to-date on developments 
in materials, design and applications 
of sleeve bearings, bushings and simi- 
lar precision parts. The latest news on 
improved cast and sintered copper- 
leads . . . the new bi-metal rolled, 
split-type bearings . . . the re-design 
problems involved when shortages 
call for bearing lining changes... 


oc — ENGINEERING BULLETINS on 


“Sleeve Bearing Topics” will help 
keep you abreast of all of these devel- 
opments. A request on your business 
letterhead places your name on the 
list. Right now we can also send you 
back issues to make your file complete. 
Fits standard files, punched for a 3- 
ring binder. Address your request to: 


FEDERAL-MOGUL CORPORATION 
1063 SHOEMAKER © DETROIT 13, MICH, 


Our six plants produce sleeve bearings in all designs and sizes; 
cast bronze bushings; rolled split-type bushings; 

bi-metallic rolled bushings; washers; spacer tubes; precision 
bronze parts and bronze bars. 





THAT RARE JEWEL IN BUSINESS 


x 
& 


..- A SOURCE 


YOU CAN DEPEND U 


It isn’t just a matter of supplying 
high quality products . . . or keeping 
delivery promises ... or being ready 
to render a special service upon occa- 
sion. What we have in mind when we 
speak of a dependable source is a 
supplier whose facilities, manpower 
and technical standards are such that 
you can always turn a difficult engi- 
neering and manufacturing problem 
over to that source .. . and DEPEND 
upon that supplier to follow through. 


Our exceptionally complete and 
modern plant, competent engineering 
staff and comprehensive test equip- 
ment qualify us to offer such service 
to a group of top manufacturers in the 
electrical and electronic fields. We in- 
vite you to unload that defense-urgent 
coil, transformer or magnet wire 
problem on us. 


MAGNET WIRE 


COMMUNICATIONS 


TRANSFORMERS 


COILS 


EQUIPMENT 


MAKES THESE PRODUCTS A 7 


THE WHEELER INSULATED WIRE CO., INC., 1102 EAST AURORA ST., WATERBURY 20, CONN. 


Division of The Sperry Corp. 


196 


tables and graphs showing physical prop- 
erties for various formulations and flow 
types. Handling, molding and finishing 
techniques are outlined. Appendix gives 
descriptions of ASTM tests used in ob- 
taining data. Hercules Powder Co., Inc. 
Circle No. 68, Reader Inquiry Facility, page 183. 


TANTALUM CAPACITORS—F our-page 
leaflet CAP-204.2 describes Tantalytic 
electrolytic capacitors, discussing their 
limitations and advantages over conven- 
tional aluminum electrolytics. Applica- 
tion specifications, construction, dimen- 
sions, temperature range, leakage char- 
acteristics and ratings are presented. A 
separate group of six sheets contains con- 
struction and test specifications. General 
Electric Co. 


Circle No. 69, Reader Inquiry Facility, page 183. 


HIGH-VOLTAGE TESTER — Leaflet 
GEC-700 describes current-limited high- 
potential tester supplying up to 3200 
volts rms. Ratings, accuracy and oper- 
ation are given. General Electric Co. 

Circle No. 70, Reader Inquiry Facility, page 183. 


PLASTICIZER-FREE RESIN — Service 
bulletin G-6, 12 pages, discusses Geon 
resin 404 which can be processed with- 
out plasticizers on conventional equip- 
ment. Electrical insulation and_strue- 
tural uses are suggested. Physical, chem- 
ical and electrical properties are charted, 
along with processing methods. B. F. 
Goodrich Chemical Co. 

Circle No. 71, Reader Inquiry Facility, page 183. 


POWER TRANSMISSIONS—Bulletin 
10,000, twelve pages long, describes 
gears, gear drives, speed reducers, 
couplings, backstops and_ high-speed 
drives, all intended for integral-horse- 
power applications. The Falk Corp. 

Circle No. 72, Reader Inquiry Facility, page 183. 


POWER SCREW DRIVERS—Twelve- 
page booklet AS 4R discusses advantages 
and application of power screw drivers. 
Drawings illustrate use, installation and * 
mechanical features of units. Production 
and time savings in typical applications 
are shown. Shakeproof Inc. 

Circle No. 73, Reader Inquiry Facility, page 183 


AIR CONTROL VALVES—Bulletin 4819 
contains 36 pages specifying dimensions 
and sizes of flow-control, exhaust and 
sequence valves, pressure regulators, 
pilot-operated valves, and cam _ and 
solenoid-controlled, two, three or four- 
way valves. Airmatic Valve, Inc. 

Circle No. 74, Reader Inquiry Facility, page 183. 


PACKING, GASKETS—Catalog P-100 C 
contains 32 pages giving applications, 
and service and pressure recommenda- 
tions for packing and gasket line. Sizes 
and weights of finished products and 
sheet material are presented. Raybestos- 
Manhattan, Inc. 

Circle No. 75, Reader Inquiry Facility, page 183. 


BARREL-FINISHING—Two-color 12- 
page booklet A-1B-MP defines barrel- 
finishing and its advantages, giving ap- 
plications for abrasive chips, finishing 
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COMPLETE 
MANUFACTURING AND ENGINEERING 
FACILITIES FOR MILITARY 
REQUIREMENTS 


MicroMotors, DYNAMOTORS 
WINDSHIELD WIPERS and other SPECIAL EQUIPMENT 


Once again the Redmond Company is ready to 
serve in the mass production of military equipment 
... ready to offer the kind of cooperation you need 
in product development and manufacturing. 


Here you gain the benefits of the Redmond 
research engineers with broad experience in de- 
veloping special motors, dynamotors and many 
other devices for military applications. 


Here you get a service keyed to high volume 
production techniques . . . an organization that 
has produced more than 35,000,000 Redmond 
Micromotors. This uninterrupted high production 


TH E BiG NAM E I 


N SMALL 


is assured by Redmond’s 3000 thoroughly trained 
employees. 


You, too, may need the kind of service Redmond 
can offer. Call or write today. 


* * * 
REDMOND COMPANY, INC., Owosso, Mich., U.S.A. 


INDUCTION MOTOR SALES OFFICES: Eastern Area: 420 Lexington 
Ave., New York 17, N. Y.; Central Area: Owosso, Michigan; 
Midwest Area: 332 S. Michigan, Chicago 4, Ill.; Southwest Area: 
1330 N. Industrial Blvd., Dallas, Texas; Western Area: (Redmond 
Company of Calif., Inc.) 1260 S. Boyle Ave., Los Angeles 23, 
Calif. SERIES MOTOR SALES OFFICES: Owosso, Mich. OVERSEAS 
SALES OFFICES: 420 Lexington Ave., New York 17, N. Y., cable 
address, REDISINC — NEW YORK. 
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tHE riGHt BALL 


Let Strom Help You 


Not only in precision ball bearings, but 
in countless other places, Strom has 
found that the right ball will do the 
job better. Maybe your problem can 
be solved with the use of the proper 
ball. Why not take it up with Strom. 

Strom has been making precision 


ENGINEERED — TO THE CUSTOMERS SPECIFICATIONS FOR RADIO — TV 
— COMMUNICATIONS MINIATURIZATION — GUIDED MISSILES 


metal balls for over 25 years for all 
industry and can be a big help to you 
in selecting the right ball for any of 
your requirements. In size and spher- 
ical accuracy, perfection of surface, 
uniformity and dependable physical 
quality, there’s not a better ball made. 


L BALL 


RADAR — AND SPECIAL APPLICATIONS 
WRITE FOR LATEST DATA SHEETS 


RADIO CORES, 


9540-50 TULLEY AVENUE 


tem 


OAK LAWN, ILLINOIS 


compounds and line of equipment. II- 
lustrated are deburring, surface-finish- 
ing and precision-finishing of machined 
parts, stampings, forgings, castings, etc, 
Minnesota Mining and Manufacturing 
Co. 

Circle No. 76, Reader Inquiry Facility, page 183 


ELECTRICAL CONNECTORS — Cat- 
alog 49B contains eight pages describing 
Eitherend connectors which permit inter- 
changeable connection of electrical 
equipment. Ratings, dimensions and 
weight are tabulated for connectors for 
portable use with current ratings from 20 
to 620 amp; and for operating, processing 
or testing equipment with ratings from 
125 to 620 amp. Albert & J. M. Ander- 
son Mfg. Co. 

ircle No. 77, Reader Inquiry Facility, page 183 
CONTACT METERS—Thirty-page cat- 
alog 1A gives specifications for contact 
meter-relays with full-scale currents as 
low as 20 microamp a-c or d-c and giving 
direct control on 4% microamp; control- 
circuits using relays are explained. Also 
catalogued are available relays, and py- 
rometer controls incorporating contact 
meters. Assembly Products, Inc. 

rcle No. 78, Reader Inquiry Facility, page 183 
ELECTRICAL INSULATION—Product 
bulletins 310, and 750A through 750F, 
16 pages in all, describe various insulat- 
ing materials making use of Vartex syn- 
thetic resins. Covered are plastics tubing 
for leads, varnished silk, varnished as- 
bestos cloth, varnished paper, and resi- 
nous sheeting or tape. Weight, dimen- 
sions, dielectric and mechanical strength, 
and applications are given. Insulation 
Manufacturers Corp. 

Circle No. 79, Reader Inquiry Facility, page 183 


COPPER-CLAD STEEL — Brochure 
E100, four pages, tells how copper is 
bonded to one or both sides of magnetic 
steel and how it can be used. Tabulates 
physical, mechanical and electrical prop- 
erties of product, called Electroshield. 
American Cladmetals Co. 

Circle No. 80, Reader Inquiry Facility, page 183 


CONSTANT - DELIVERY PUMPS — 
Four-page bulletin 46601 covers three 
constant-delivery axial piston pumps for 
pressures up to 3000 and 5000 psi. Motor 
size, imput speed, pressures and capaci- 
ties are tabulated. Dimensional draw- 
ings are included for pumps, adapters and 
motors. The Oilgear Co. : 
Circle No. 81, Reader Inquiry Facility, page 183 


POWER TRANSMISSION — Catalog 
C72-51 of 16 pages includes discussion of 
operating principles of chain drives, of 
design principles of firm’s new drives for 
high-speed heavy-duty applications, and 
tables and graphs showing capacities, 
speed ranges and service factors for se 
lecting proper unit. Installation is cov- 
ered. Morse Chain Co. 3 

rcle No. 82, Reader Inquiry Facility, page 189 
MULTIPLE-HEAD TACHOMETER— 
Two data sheets, No. 42R, describe mul- 
tiple-head single-range tachometer indi- 
cators for measuring speeds of up to tea 
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Plastic Insulators for elec- 
trical connections, shown in 
connected and disconnected 
positions, used in quantities 
for lighting and other con- 
nections on automobiles . . . 
made by Wade on Stokes 
Presses. 


Each unit in this installation of Stokes 741 automatic 
molding presses produces approximately 40,000 parts per hour 
which are automatically conveyed to a tumbler to remove flash. 


The part is an insulator for an electrical connector, small but 
complex, previously considered impossible to produce automatically. 


The Stokes 741 fully automatic molding press assures high 
production of perfect, uniform parts, and takes the place of a 
large plunger press with its preform press, electronic preheater, 

and the full-time and part-time operators required to run it. 


In automatic operation one man periodically fills the 
hoppers with molding powder and removes the finished 
parts; otherwise no attention is needed. 


Let Stokes experts judge from parts or blueprints if your 
products qualify—or can easily be re-designed for—the 
high production and large savings per unit 
which are possible by automatic molding. 
Or send for a 24-page brochure 
on Fully Automatic Molding. 


F. J. STOKES MACHINE G 


SEPTEMBER 1951 


One of the Stokes 741 fully automatic molding 
presses at Wade Electric Products Company, Stur- 
gis, Michigan. Parts drop on conveyor belt, thence 
to tumbler. Occasional filling of hopper is the only 
regular attention required. 



















TIMING MOTORS 


For Industrial 








- Military - Commercial Uses 










1600 SERIES: 
LOW COST VERSATILITY 


Specifically designed as a standard 
component for the widest possible range 
of timing applications with 17 standard 
speeds from 60 rpm to 1 revolution per 
hour. 















































4400 SERIES: 
SLOW YET COMPACT 


Designed for small size and low cost in 
applications requiring slower speeds from 6 
hours to 7 days per revolution. 





















































TORRINGTON 











HEADQUARTERS FOR 


TIMING 


3100 SERIES: 
HEAVY DUTY DEPENDABILITY 


For control and instrument applications that 
require a heavy duty train and speeds from 
1 hour to 14 days per revolution. 












































































COMPLETE SPECIFICATIONS 


Literature giving complete design and = 
engineering specifications will be 

sent on request. Ask for the catalog 

which best suits your need. 


TIMING MOTORS-TIMING DEVICES: CLOCK MOVEMENTS 


Write for whichever catalog you need 


HAYDON Manufacturing Co., Inc. 


SUBSIDIARY OF GENERAL TIME CORPORATION 


2533 ELM STREET 
TORRINGTON, CONNECTICUT 
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remotely Fifty-one 
accuracy and 
applications are Metron _Instru- 
ment Co. 


Circle No. 83, Reader Inquiry Facility, page 183 





ALTERNATE STAINLESS STEELS~— 
Twelve-page bulletin ADV 571 offers 
guide to changing from 18-8 to 430 stain- 
less steels, listing latter’s physical charac- 
teristics, chemical and heat resistance, 
fabricating and finishing qualities and 
applications. Extensive table compares 
effect of exposure to several hundred cor- 
rosive substances at various temperatures, 
Republic Steel Corp. 

Circle No. 84, Recder Inquiry Facility page 





ASBESTOS, FIBER PACKINGS—Eight- 
page brochure gives construction, illus- 
trations, uses, sizes and weights for woven 
asbestos wire-inserted gasket sheet, com- 
pressed asbestos sheet packing, Neoprene 
compressed asbestos sheet packing and 
fiber sheet packing. Raybestos-Manhat- 
tan, Inc. 

Circle No. 85, Reader Inquiry Facility, page 183 


EXTRUDED ALUMINUM — Twelve- 
page bulletin AD-229 reports design and 
production advantages of aluminum ex- 
truded shapes. Examples are given. De- 
sign considerations relative to shape, 
alloy, dimensions, tolerances, assemblies, 
fits, finishes, terminology and cost factors 
are discussed. Mechanical properties are 
tabulated for various alloys. Aluminum 
Company of America. 

Circle No. 86, Reader Inquiry Facility, page 183 
WELDING CONNECTORS—Two-page 
bulletin SM2 illustrates and describes 
Push-lock connectors for portable feeder 
cables to welding machines. Molded-to- 
cable plugs and attachable type plugs are 
cataloged for AWG wire sizes 2 through 
4/0. Joy Manufacturing Co. 


Circle No. 87, Reader Inquiry Facility, page 183. 





BRASS NUTS — Catalog of 16 pages 
called Fischer File contains tables on 
pitch diameter tolerances, and dimen- 
sions of standard hexagon brass nuts, in- 
cluding full and jam nuts; machine- 
screw, cap and knurled nuts; battery, 
lamp and lighting-fixture nuts and radio 
eyelets. Fischer Special Mfg. Co. 

Circle No. 88, Reader Inquiry Facility, page 183. 
INVESTMENT CASTING — Six-page 
brochure defines precision method of 
molding castable metals that are difficult 
to machine. Fifteen short case histories 
illustrating advantages include thermo- 
couple sheath, indentors and nest blocks, 
bearing cage, support post and stem 
stop. Investment Casting Co. 

Circle No. 89, Reader Inquiry Facility, page 183. 


COPPER CORROSION — Booklet B-36 
contains 24 pages explaining chemic: 
and physical nature of corrosive attack on 
copper and copper alloys, and tabulating 
composition, mechanical and physical 
properties, and relative corrosion resist- 
ance of principal types when in contact 
with 183 different corroding agents. 
American Brass Co. 

Circle No. 90, Reader Inquiry Facility, page 183. 
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Round, Rectangular and Square 
Double Paper Single Cotton 
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AUTO-LIT 


vo? _ Industrial 
\\}, Wire & Cable 















| 
@ The quality of Auto-Lite Wire 
and Cable is the result of nearly 
40 years of experience, research 
and advanced laboratory tests. 
This, plus the tremendous out- 
put possible in Auto-Lite plants 
at Port Huron, Michigan and 
Hazelton, Pa., makes Auto-Lite 
a logical source of supply for 
wire to fit every need. Address 
inquiries to: 





The Electric Auto-Lite Company 
Wire and Cable Division £% 
Port Huron, Mich. Hazelton, Pa. 
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Extruded 


PLASTIC TUBING 
0 


FOR QUALITY * EASE OF HANDLING 
COST REDUCTION 


The TURBO line of extruded plastic tubing is being speci- 
s fied and used by more and more people interested in 
% _ tough, flexible and versatile tubing to form o deteriora- 
, _ tion resisting dielectric barrier. 
HEAT RESISTANT TUBINGS Turbotrans 105 and Turbo- 
therm 105 are U. L. recognized 105°C. tubing. Turbotrans 
105 is a specially processed tubing highly recommended 
for potting, baking and similar applications involving 
high heat. 
; 5 LOW TEMPERATURE TUBING Turbozone 47 provides un- 
usual flexibility in sub-zero temperatures and is specially 

















& Z compounded to meet AAF 12047A ifi 
b  . GENERAL PURPOSE TUBING Turbolex 63 ‘meets MIL-I-631 
? E specifications. While not recommended for high heat or 


oil applications, it features low temperature properties, 
and good dielectric with flexibility. Turbolex 85 is an 
ideal general purpose tubing used where moderate heat 
and occasional exposure to oil may be encountered. 


Available in 36 popular sizes from .022” to 1.5” inside 
diameters in continuous lengths and in 7 standard colors 
plus transparent. 


_ WRITE FOR TUBING SAMPLES AND DESCRIPTIVE LITER- 
ATURE COMPLETE WITH PHYSICAL AND ELECTRICAL 
PROPERTIES, DIAMETERS, TOLERANCES AND COLORS. 



















THE WILLIAM @:3;9:¥. em AND CO., INC. 


INSULATING MATERIAL SPECIALISTS SINCE 1920 
108 VALLEY STREET, WILLIMANTIC, CONNECTICUT, U. S. A. 







i 
Plastic Insulated Wire ® Multi-conductor Cables 
Extruded Tubing * Varnished Tubing * Saturated Sleeving 
Glass Sleeving and Tubing * Cainbric Cloths, 
Tapes and Papers ® Mica Products © Wiring Harnesses 
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Feature Article 


REPRINTS 


Selected articles from each issue of 
ELECTRICAL MANUFACTURING are 
reprinted in complete form for convenient 
filing and to avoid mutilating copies of 
the issue. Any qualified reader may se- 
cure, without charge, single copies of any 
new or previously announced title stil] 
available. Use the Reader Inquiry Facil 
ity on page 183 of this issue, or addres 
a company letterhead request to: 





J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Note that each reprint described below 
carries a key number which is repeated 
in the reprint subject list in the Reader 
Inquiry Facility. On one of the postpaid 
return cards, circle numbers for the re- 
prints wanted and mail. Quantities are 
limited, and when the initial supply for 
any title is distributed the item is with- 
drawn and no more requests can be filled 


Three New Titles Announced 


One feature article from this issue and 
two from earlier issues are now reprinted 
and ready for distribution. Requests for 
these new titles, listed first below, should 
be made promptly since the supply is 
limited. 


Cast Resin Embedments, Sept. 1951, 16 
p. A new design concept for miniaturi- 
zation, unitized construction and rug- 
gedization. Types of resins and prop- 
erties, production techniques, design 
problems; selected case histories in 
military and civilian products. (128) 


| Miniaturized Amplifier Designed for Au- 


tomatic Assembly, Aug. 1951, 8 p. How 
the amplifier was designed, the fabri- 
cating process developed and an assem- 
bly machine evolved to reduce an 
assembly line to one operator. (155) 


Behavior of Insulating Materials at Radio 
Frequencies, July 1951, 4 pages. Re- 
sults of research study on the break- 
down strength, dielectric constant aud 
dissipation factor for 16 materials at 
frequencies up to 18 mc. (103) 


Earlier Titles Available 


For many of the reprints announced 
earlier, the initial print run has been dis- 
tributed and no more copies can be 
supplied. Only those titles listed below 
are still available as this issue goes to 
press, and quantities in some instances 
are low. 
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What DC Power Equipments do 
You Need for Military End-Use? 


You can meet your 
requirements with — 


a 


SELENIUM 
RECTIFIERS 








Aircraf; 


Portab] 
ea 
Orne nd Stationgr 

































wer ruPPlies : 
ifier contro] Onic equip. 


Manufactured to Military Specifications 
...to provide ANY DC OUTPUT! 





Wherever your government specifications call for conver- 
sion of AC to DC—be sure to give the job to a Federal Selenium 
Rectifier Equipment . . . compact, rugged, completely self- 
contained ... ready to connect to AC... ready to deliver de- 
pendable DC power! 


Today, Federal Equipments are serving in a wide range of 









applications ... from aircraft to submarines .. . from special 

subminiature to heavy-duty power equipment... operating Heavy-duty Federal FTR 3414-AS 

quietly, efficiently, reliably. All are powered by Federal sele- Selenium Rectifier Ground Aircraft 
nium rectifiers . . . famous for long life and trouble-free service Pomer Duguay 


... Without expendable parts that require frequent replacement. 


MAIL your specifications to Federal today! Get the benefit 
of Federal’s years of experience in selenium rectifier de- 
sign and production. Remember, Federal is the pioneer com- 
pany—the first to introduce selenium rectifiers to American 
industry. For quick service, write Dept. E-716 





America’s Oldest and Largest FIR 3146-BS FIR 3141-CS-03 


* ° Aircraft Power Clip-in Voltage 
Manufacturer of Selenium Rectifiers “nee. le 





SELENIUM-INTELIN DIVISION, 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 
In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y. 
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Here’s why those in the know 


—demand 


























Shell, insert barrel, coupling 
nut and end bells are 
cad.-plated steel 


Split shell for easy wiring 
and inspection 


Here is another example of the care 
Cannon Electric takes in developing a 
connector for specialized use. This is the 
Firewall Connector to prevent the 
spread of a possible aircraft engine fire 
through the bulkhead into wing sections. 

Illustration shows Flame Barrier type 
with phenolic insert and contacts having 
solder cups. Shell must resist an open 
flame of 2000° F for 20 minutes. Electric 
circuits not required to remain active. 


Cannon Electric AN Type Aircraft 
Firewall Connectors are available 
in 14 diameters with a large variety 
of insert arrangements in both 























Flame-Barrier insert 





Contact precision-machined 
from solid bar stock, electro- 
plated with silver or gold 





Neoprene grommet 
relieves wire strain 



















































The Fireproof continuous service type is 
similar in appearance, but has crimp-on 
type contacts in fireproof insert mate- 
rial. Must carry rated DC current under 
open flame of 2000° F for five minutes 
and withstand vibration of \” double 
amplitude at 2000 cycles per minute. De- 
signed for aircraft, this connector has 
other applications where the going is 
tough. For further information request 
Cannon Electric Firewall Bulletin. 


Flame Barrier and Fireproof Types. 


CANNON 


Los Angeles 31, California 
REPRESENTATIVES IN PRINCIPAL CITIES 
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ELECTRIC 


In Canada and British Em- 
pire: Cannon Electric Co., 
Ltd., Toronto 13, Ontario. 
World Export (Excepting 
British Empire): Frazar & 
Hansen, 301 Clay Street, 
San Francisco, California. 


Since 1915 





Vacuum Tube Sockets for Industrial 
Equipment, July 1951, 8 p. Types 
available for low loss, reduced leak- 
age, resistance to vibration, humidity 
and repeated replacement; design sug- 
gestions in selecting sockets for com- 
mercial and industrial uses. (112) 


Fhp Induction Motors Made in NEMA 
Standard Frames, July 1951, 8 p. An 
analysis of horsepower assignments 
made by the manufacturers to frac- 
tional-horsepower motors built to 
NEMA frames 42, 48, 56 and 66, in 
accordance with standard methods of 
rating; table lists manufacturers and 
construction details. (122) 


A Practical Approach to Color in Design, 
July 1951, 12 p. Why and how color 
is specified in design of business ma- 
chines, appliances, instruments and in- 
dustrial equipment; Armed Services 
developments in functional use of 


color. (126) 


Corona Suppression Methods, June 1951, 

4 p. Basic mechanism of corona present 
in all high-voltage circuits, and three 
methods for preventing it. (131) 





Oiltight Wiring Systems Are Possible, 
June 1951, 12 p. Problems involved in 
improvising with building construction 
materials to meet current standards for 
machinery wiring. (101) 


Fixed Capacitors for Electronic Circuits, 
May 1951, 8 p. Trends in develop- 
ment of improved capacitors, and de- 
sign factors in selection of the best 
type. (124) 


Protective Controls for Low-Voltage In- 
dustrial Motors, May 1951, 12 p. 
Functions of circuit breakers and cur- 
rent-limiting fuses in protecting motor 
branch-circuit and controller. (130) 


Thermal Insulating Materials, May 1951, 
12 p. Staff survey of standard and 
experimental materials covering service 
conditions, tolerances, effectiveness, 
cost and availability. (139) 


Electrolytic Corrosion Tests in Pressure- 
Sensitive Electrical Tapes, Apr. 1951, 
8 p. Several test methods are discussed 
but the “corrosion current” method is 
preferred. (140) 


Fixed Resistors for Electronic Applica- 
tions, Apr. 1951, 8 p. Space-saving, 
low-cost, stable resistor needed today 
is closely approached in research 
sponsored by Signal Corps. Character- 
istics of deposited-carbon, metal-film 
and borocarbon resistors. (105) 


Military Specifications Controlling Plas- 
tics Dielectrics, Apr. 1951, 8 p. Speci- 
fications for materials essential in elec- 
trical and electronic equipment; why 
developed, and where applied. (106) 


More Power Out of the Same Motor 
Frame Size, Apr. 1951, 4 p. How 
forced ventilation and new coil design 
increased continuous rating to origi 
NEMA 1-hr rating for a mine loc 
motive motor. (109) 


Magnetic Amplifiers: Part I, Application 
and Rating Data; Part II, Modes 
Operation, Mar., Apr. 1951, 20 p. 
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Versatile switch simplifies 
control of huge hot strip mill 


i 


RED HOT STEEL STRIP races at nearly 1500 feet per 
minute from the big mill of the Kaiser Steel Corpora- 
tion at Fontana, California. Precision control of speed, 
tension, width, thickness and the flying shear which 
cuts the steel “on the run” requires many circuit- 
sequence combinations. Sturdy General Electric SB 
switches provide the necessary versatility and assure 
reliable performance. 


THIS IS JUST ONE EXAMPLE of the thousands of con- 
trol installations made easy with the compact, versatile 


asy by G-E 
CONTROL AND 
TRANSFER SWITCHES 


family of SB-type switches. By varying the cam and 
finger arrangements and number of stages, design 
engineers have utilized the General Electric SB-1-type 
switch, for example, with over 10,000 circuit-sequence 
control combinations. Standard parts and simple basic 
design mean long life and dependable operation. 


FOR FURTHER DETAILS see your G-E sales represent- 
ative, or write for Bulletin GEA-47 46, Section 856-76, 
General Electric Company, Schenectady 5, N. Y. 


856-76 


Waa econs eae 
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FOR PRECISION GLASS PARTS :-: 
ye 


Flat, Bent, or Convex Shapes of heat-treated or tempered 
glass are our specialty. All parts are manufactured from flat 
glass—to your specification. 


Whether you have a problem involving glass parts for a 
commercial product or one based on rigid military specifica- 
tion, we are qualified to help you. 


Heat-treated, tempered or hardened glass parts for: 


Clock & Timer Crystals Light Lenses 

Oven Doors Dials & Name Plates 
Radar Equipment Television Equipment 
Aircraft Accessories Instruments 
Photographic Equipment Medical Equipment 


Special Shapes for Instruments, Gauges, Household 
and Industrial Appliances; also Ceramic Printed Dials and Name Plates 


MICROFLEX 


RESET TIMER 


The MICROFLEX is a precision Timer, designed 
with a choice of over 100 Timer operating combi- 
nations to fit your industrial process. Large 
easy-to-read dial with Micrometer type knob for 
accurate, fast settings. Precision built for con- 
tinued precise operation. 


EAGLE SIGNAL 
e YF We 


RK 16, N. Y. 
Zrpoek Agent '3 EAST 40th ST., NEW YO 


Combined reprint covers application 
data such as effect of load resistance, 
control power, range and other factors 
on cost and size; also an analysis of 
ideal and practical modes of operation 
for simple saturable reactors. (138) 


Insulation Resistance of Thermosetting 
Laminates, Mar. 1951, 8 p. Report of 
extensive tests showing the effect of 
humidity and temperature on electrical 
properties of standard grades. (134) 


Relay Circuit Ideas from Miniature 
Train Control, Mar. 1951, 4 p. Where 
only the power line is available for 
control, these ideas provide independ- 
ent speed control for two motors, or 
four selective control functions. (115) 


Gaging and Sorting Electronically, Mar. 
1951, 4 p. Measuring heads and elec- 
tronic circuits for automatically classi- 
fying parts according to dimensional 
variations. (120) 

Developments in High - Temperature 
Metals and Ceramics, Mar. 1951, 8 p. 
Electrical and mechanical properties 
of metals and metal compounds for 
service at temperatures between 1000 


and 2500 C. (116) 


Crystal Rectifier Performance Evaluated, 
Mar. 1951, 8 p. Germanium diodes 
compared with thermionic and metallic 
rectifiers for low voltage applications 
outside communications field. (114) 


Practicability of Powder Metallurgy, Feb. 
1951, 8 p. Methods effective in re- 
ducing the cost of many machined 
metal parts and some case histories; 
comparative cost factors tabulated for 
six fabricating methods. (111) 


Unitized Electronic Design and Construc- 
tion Techniques, Feb. 1951, 12 p. 
Based on study made by Stanford Re- 
search Institute for ONR. Advantages 
and limitations of unitized design and 
a number of typical examples using 
preformed or printed circuits, hermetic 
assemblies and embedment. (117) 


Fuses vs Circuit Breakers, February 1951, 
4 p. Motor protection requirements 
analyzed, selection chart for protective 
devices for various circuits. (110) 


Report on Dielectric Research, Feb. 1951, 
12 p. Recent conference emphasizes 
practical developments, and challenges 
need for fungus protection. (108) 


How to Lay Out Panels for Motor Con- 
trols and Wiring of Panels for Motor 
Controls, Jan., Feb. 1951, 12 p., com- 
bined reprint. Panel types, standardiza- 
tion of components, electrical clear- 
ances, enclosure temperature, selection 
of wire for power and control circuits, 
termination. (121) 


| Electric Drives with Speed Control, Dec. 


1950, Jan., Feb. 1951, 20 p., com- 
bined reprint. Broad survey of all 
types; flexibility, range, speed regula- 
tion, type of power supply, relative 
complexity, cost; also, discussion of 
matching drive to load. (125) 


Reliable Electronic Equipment, Jan. 1951, 


4 p. Report of work done at ONR on 
components, design and maintenance 
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“Your retaining rings were selected originally 
since it was obvious that a substantial saving in 

th material an I cost wo effected 
by their use.” 

The quotation is from a letter of Air Purifica- 
tion Service Inc., Newark 2, New Jersey, whose 
excellent “Vapor Roll" illustrated above is so 
widely used in homes, business places, hospi- 
tals and other institutions to kill air-borne germs 
and viruses. 

Examine the design of your machines and 
products. No doubt these inexpensive, efficient 


artificial shoulders can increase your profits too. 
Retaining rings have endless uses ranging from 
drill presses and heavy duty engines to toys, 
gadgets and small parts of innumerable articles. 

It's wasteful to cut down shafts to make 
shoulders. Redesign to groove smaller shafts 
and housings and use these high grade steel 
rings. 

Let our engineers consult with you. Send for 
folders. 

Don't pass up this opportunity to increase your 
margin and your sales. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY 


MILWAUKEE 2, WISCONSIN 


National 


TRADE MARK" 
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Beauty 
SOLDERING IRONS 


for PRODUCTION JOBS 
LARGE or smatt f 


For descriptive catalog pages write Dept. S- 2 






























































































































AMERICAN ELECTRICAL HEATER CO. 


DETROIT 2, 












to obtain longer life for both military 
and industrial equipment. (102) 


Making Electrical Contacts Stand Up in 
Control Service, Jan. 1951, 8 p. Causes 
for failure analyzed; advantages and 
limitations of contact materials tabu- 
lated; how to increase contact life. (100) 


Molding Glass-Reinforced Plastics; Boro- 
carbon Resistors; Organoboron High- 
Temperature Resins. Combined _re- 
print of three popular “Design Trends” 
articles from recent issues. (132) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where, 
why and what safeguards are required; 
how hazards are avoided. (129) 


Matching Solenoid Characteristics to 
Load, June 1950, 8 p. Increasing effi- 
ciency and reliability; nine suggestions 
for selection and application. (119) 





Bulk quantities (five or more) of any 
reprint listed here for which a supply is 
still available may be obtained at the 
following prices per copy on orders ac- 
companied by remittance: 


Quantity Number of pages in reprint 
ordered 4-8 12 16 or more 


5 $0.50 $0.60 $0.70 


10 0.35 0.45 0.55 
25 0.30 0.40 0.50 
50 0.25 0.35 0.45 


As a special service to librarians to 
whom ELEcTRICAL MANUFACTURING is 
addressed, a maximum of four copies of 
any one title will be supplied without 
charge. Quantities of five or more sup- 
plied at the price schedule above. 


When the remaining supply for a title 
appears to be insufficient to meet the 
expected number of requests for another 
month, it is withdrawn from the listing 
in this department and no longer offered 
through the Reader Inquiry Facility. It is 
difficult at times to anticipate the actual 
number of requests that will be received, 
and in a few instances a modest supply 
has remained at the conclusion of the list- 
ing. For the following reprints previously 
included in this department, letterhead 
requests will be filled as long as the lim- 
ited supply lasts. 


Progress in Synthetic Mica, March 1950 

Applications for Low-Loss Plastics, May 
1950 

What is a “50 C” Motor?, May 1950 

Cold-Rolled Electrical Strip, August 1950 

20 Ways of Reversing Capacitor-Start 
Motors, August 1950 

Design Limitations for Ceramic Parts, 
September 1950 

Speed-Torque Curves on an Oscilloscope, 
September 1950 

Testing Coils for Shorted Turns, Novem- 
ber 1950 

Mechanical and Electrical Factors in 
Servomechanism Design, November 
1950 

Design Ideas from Abroad, December 

1950 
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Temperature 92. Humidity—don’t men- 
tion it! One of those breathless nights 
when everybody who can, goes to the 
movies to get cool. A first-run picture— 
a full house—the best in months. Then 

. the new air conditioning system 
“gave up.’ Cool—warm—hot—stifling. 
1,400 people packed into a “‘sweat-box,” 
growing hotter by the minute. But they 
didn’t stay long—and may think twice 
before they come again. Result, one very 
unhappy manager—especially when he 
finds out that the equipment manufac- 
turer tried to save pennies with inferior 
electrical insulation. 


Becesicat insulation guards the life of 
your product—play safe—use BH 
Fiberglas* Sleevings. 


Take BH Special Treated Fiberglas 
Sleeving, for instance. Here is an unsat- 
urated sleeving with heat resistance up 
to 1200° F that is permanently flexible, 
permanently rounded, and permanently 


- the best house in months.” 


non-raveling through a patented 
Bentley, Harris process. 


Easy to handle, BH Special Treated 
speeds production. Because crossing 
strands are permanently crimped it may 
be cut in short lengths without securing 
the ends. All corosive, volatile materials 
have been removed, making BH Special 
Treated odorless in service and unaf- 
fected by heat or age. 


BH Special Treated Fiberglas Sleev- 
ing is one of a family of electrical 
insulations, each designed to meet 
particular conditions in service. Give us 
a few facts about your requirements— 
product, temperature, voltages—we 
will gladly furnish samples for testing 
purposes. 

Address Dept. M-9 


Bentley, Harris Manufacturing Co. 
Conshohocken, Pa. 





° , . ° e > . — 7 ous . ”s : ‘ 
"BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). ‘‘Fiberglas”’ is Reg. TM of Owens-Corning Fiberglas Corp. 
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BURROUGHS 
TYPEWRITER 
ACCOUNTING 
MACHINES 


Inside the plywood shipping cases of Burroughs Typewriter 
Accounting Machines you will find a brand new kind of protection 
against damage from accidental dropping and rough handling. Each 
machine is supported by four LORD Shipping Mounts which cushion 
shock forces with the controlled softness which only shear-type rub- 
ber mountings can provide. Their ability to prevent exposure of the 
machine to excessive shock forces in all planes insures maximum 
protection, regardless of the position in which the case may fall. 


Extensive tests during the period in which Burroughs Adding 
Machine Company was considering the use of this new system indi- 
cated that LORD Shipping Container Mounts enable a _ packaged 
machine to be dropped over 36 inches without damage. The value of 
such high-quality protection was proved by over 1000 foreign ship- 
ments to date which have been delivered in perfect condition ... 
without a single loss from breakage. 


If you encounter frequent shock damage to shipments .. . if 
service costs are high at destination .. . if you wish to insure arrival 
of your products with factory-set adjustments intact — you should 
investigate LORD Shipping Mounts. Write for complete information 

. see how this new method can cut your shipping losses. 


Insure safe arrival of shipments through engineered shock mount- 
ing design and application. 

Enable many products to be shipped completely assembled and 
accurately adjusted. 

Reduce cost of servicing and parts replacement at destination. 
May be reused many times. 


Eliminate need for storage of bulky, inflammable packing ma- 
terials. 


Vibration-Control Mountings _ 


LORD 
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Associations 
and Societies 


AIEE Conference To Discuss Motors 
For Refrigeration and Pumping 


The American Institute of Electrica! 
Engineers has scheduled a technical con- 
ference on application of fractional- 
horsepower motors to refrigeration equip- 
ment and pumps, to be held at the Day- 
ton Biltmore Hotel, Dayton, Ohio, on 
October 11 and 12. Refrigeration papers 
and a trip through the Frigidaire plant 
are planned for October 11. Pump appli- 
cation papers will be presented October 
12. Starting relays, defrost controls and 
insulation characteristics will be topics in 
addition to motors. 


Technical Publishers Organize 


The Technical Publishers Association 
was recently organized by 28 owners and 
operators of publishing concerns produc- 
ing manuals and catalogs, technical illus- 
trations, training films, etc. Secretary of 
the group is F. R. Gruger, Jr., 30 Vesey 
St., New York 7. 


Wilson To Address Metals Congress 


Defense Momibilizer Charles E. Wil- 
son will be the major speaker at the 
closing session of the World Metallurgica! 
Congress in Detroit on October 19. He 
will speak on the strategic importance of 
world metal conservation and production 
for defense. 


IRE Fall Meeting Set for Toronto 


The 1951 fall meeting of the Institute 
of Radio Engineers will be held October 
29 through 31 in the King Edward Hotel, 
Toronto, Ontario. Tentative program for 
the event includes sessions devoted to dis- 
cussion of tube and circuit reliability, a 
symposium on color television, and geu- 
eral sessions discussing television cir- 
cuitry. V. M. Graham of Sylvania Electric 
Products Inc. will serve as chairman. 


Air Force Reserve Commissions 
Open for Electronics Officers 


An opportunity to step into a commis- 
sion in the Air Force Reserve is now open 
to men with a university degree and 
qualifying experience in electrical, com- 
munications, radio, or electronics engi- 
neering, or who have a science degree 
and majored in physics of one of the fore- 
going engineering fields. 

According to Major Charles D. Morat, 
director of personnel procurement of the 
First Air Force, Mitchel Air Force Base, 
N. Y., these men may be commissioned 
from second lieutenants to majors, de- 
pending on age, as “Electronics Officer, 
Air.” Applicants for second lieutenants 
must have a master’s degree in one of the 
specified fields, or a bachelor’s degree 


ELECTRICAL MANUFACTURING 





le- 
nts 
the 


ree 


NG 








YOUR BEST 
METAL CHOICE IS 


Hussey | & 





Electrical conductivity . . . cor- 
rosion resistance . . . thermal 
conductivity . . . lifetime beauty 


— if your electrical products re- 
quire one or more of these char- 
acteristics . . . your best metal 
choice is Hussey Copper or 
Brass. In your product, Hussey 
Copper assures versatile phys- 
ical properties plus extreme ease 
and speed in forming and fabri- 
cation. Seven complete ware- 
houses place Hussey Copper 
and Brass within easy range of 
your production. 





Hussey Warehouses carry stocks of Copper and Brass Products 


Our 103rd year 
1848-1951 
Cc. G. HUSSEY & COMPANY 

PITTSBURGH 19, PA. ee: 
7 Convenient Warehouses to serve you’ 


Vv Sheet Vv Strip 
Vv Coils 
V Fabricated Prod- 
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° Tubing ° Nails) ST. LOUIS... ...........-- ‘a 
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60 pages of 

valuable information 

describing the line 
of Honeywell 


Industrial Controls 


Tue KIND of information you want, right at your 
finger tips . . . on pneumatic, electric and electronic 
non-indicating controls for temperature, pressure 
and humidity. 


Included are many types of switches and relays... 
temperature and pressure controllers . . . many types 
of valves . . . and scores of other inexpensive, accurate 
and dependable controls. 


Catalog No. 8304 is complete and factual . . . contains 
detailed specifications for all products, with complete 
supplementary price lists. It belongs in your files for 
ready reference . . . send for your copy today. 


Also ask to be put on the mailing list for Industrial 
Control News—a periodical publication devoted to 
new and unusual applications of automatic controls 
throughout industry. It is written by and for produc- 
tion and maintenance men. Articles are illustrated by 
drawings and photographs and graphically show how 
jobs can be made easier, costs reduced and operating 
efficiency increased. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, 4466 Wayne Ave., Phila. 44, Pa. 


Honeywell 
“Brow Qustaumedtt- 


CALENDAR OF MEETINGS 


Sept. 10-14—6th National Instru- 
ment Conference and Exhibit, In- 
strument Society of America, Sam 
Houston Coliseum, Houston, Texas. 


Sept. 25-28—Fall Meeting, Amer- 
ican Society of Mechanical En- 
gineers, Hotel Radisson, Minne- 
apolis. 


Oct. 9-12—Convention, The Elec- 
trochemical Society, Inc., Detroit. 


Oct. 10-12 -— Annual Forum, 
Porcelain Enamel Institute, The 
Ohio State University, Columbus, 
Ohio. 


Oct. 15-19—33rd Annual National 
Metal Congress and Exposition 
and the World Metallurgical Con- 
gress, American Society for Metals, 
Detroit. 


Oct. 22-24—33rd Annual Meeting 
American Standards Association, 


Waldorf-Astoria, New York City. 


Oct. 22-24—7th Annual National 
Electronics Conference, Edgewater 
Beach Hotel, Chicago. 


Oct. 22-26—Fall General Meeting, 
American Institute of Electrical 
Engineers, Hotel Cleveland, Cleve- 
land. 


Oct. 29-31 — 20th Annual Meet- 
ing, Conference on Electrical In- 
sulation, National Research Coun- 
cil, National Bureau of Standards, 
Washington, D. C. 


Oct. 29-31—Semi-Annual Meeting, 
American Gear Manufacturers 
Association, Edgewater Beach 
Hotel, Chicago. 


Oct. 29-31—Fall Meeting, Institute 
of Radio Engineers, King Edward 
Hotel, Toronto. 


Nov. 5-8—7th All-Industry Refrig- 
eration and Air Conditioning Ex- 
position, Navy Pier, Chicago. 


Nov. 15-16—7th Annual Meeting, 
The Magnesium Association, Bilt- 
more Hotel, New York. 


plus a full year of qualifying experience. 
Further inquiries should be addressed 


| to: Department of Military Personnel Pro- 


curement, Headquarters, First Air Force, 
Mitchel Air Force Base, New York. Near- 
by applicants are welcomed to telephone 
Garden City 3-4000, extension 3202. 


Patent Foundation Established 


A patent foundation for research and 
education in the fields of patent, trade- 
mark and related systems of law has been 
established at the George Washington 
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4 It’s TOPHET for Top Heat | 


WILBUR B. DRIVER COMPANY 


150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 
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EMC and CYCLOHM 


FRACTIONAL HP. MOTORS, UNIVERSAL AND DIRECT CURRENT 1/1000 TO 1/3 HP. 
SHADED POLE, 1/2000 TO 1/15 H.-P. 

INDUCTION TYPES, 1/1400 TO 1/5 HP. 

Utilizing CYCLOHM precision Induction motors in the miniature facsimile 
machines, called the Desk-Fox, Western Union has brought high 

speed telegraph service to many Government, Agencies and Defense Plants. 


With a Desk-Fax Machine, only 10x11"x7” in size, messages can be 
transmitted and received immediately from desk or office. 


Model 2500 Cyclohm Synchronous Induction Motors are used 
as the drive mechanisms for the message drum. Because perfect 
operation is absolutely essential, Cyclohm motors were chosen 
from exhaustive tests of many motors. 


EMC. Universal, Direct Current and Shaded Pole Motors 

and CYCLOHM Induction Motors are currently being used by leading 
manufacturers for more than 300 applications—communications 
equipment, cameras, projectors, sewing machines, mixers, fans and blowers, 
portable power tools, adding machines and scores of others. 

Check your fractional H.P. requirements with us today and be sure 

to write for a copy of our latest catalog. 


HOWARD 


DEPT. EMé> HOWARD INDUSTRIES, INC. + RACINE, WISCONSIN 
pivisions: EME evectric motor corp. > CYCLOHM MOTOR CoRP. 
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University law school at Washington, 
D.C. Among objectives is the study of 
rewards to creators of industrial devices 
and to the companies which may have 
been employing them. 


Standards 


Rubber Products—A 656-page publica- 
tion with heavy paper cover, “ASTM 
Standards on Rubber Products,” consti- 
tutes the 1951 issue of this special annual 
compilation. The following list of mate- 
rials and subjects covered by standard 
tests and specifications in this book will 
give an idea of the contents: processi- 
bility tests; chemical tests of vulcanized 
rubber; aging and weathering tests of 
rubber; low-temperature tests of rubber; 
automotive and = aeronautical rubber; 
hose and belting; tape; electrical protec- 
tive equipment; rubber-coated fabrics; 
insulated wire and cable; hard rubber; 
latex foam, sponge and expanded cellular 
rubber; rubber cements; rubber latices; 
packing materials; nonrigid plastics; elec- 
trical tests and nomenclature and defi- 
nitions. 

Attention is called to the inclusion of 
Emergency Alternate Provisions in this 
book. These provisions in ASTM speci- 
fications are issued by the society in the 
interest of expediting procurement or 
conservation of materials during the 
period of national emergency. Intended 
for use where they may be considered by 
the material purchaser as a_ permissible 
alternate for the specific application or 
use desired, they do not permanently 
amend the specifications but leave a 
choice. These first emergency alternate 
provisions apply to Friction Tape (D 69) 
and Rubber Insulating Tape (D 119). 

Copies of this heavy-paper covered 
publication can be procured from the 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, at $5 each. 











Book Reviews 





Electronic Motor and Welder Controls— 
by George M. Chute, McGraw-Hill 
Book Co., New York 18. 348 pp. $6.50. 
This is an expanded and largely re- 

written edition of the book “Electronic 

Control of Resistance Welding” by the 

same author, who is an application en- 

gineer of General Electric Co. Part I, 

dealing with welding controls, discusses 

basic electronic circuits and then deals 
specifically with sequence timing circuits 
used by various control manufacturers. 

A new chapter describes three-phase 

welding controls. Part II on motor con- 

trol deals with the basic Thy-Mo-Trol 
circuit and variations of it such as motor- 
generator control of speed and the elec- 
tronic amplidyne. Positioning, side reg- 
ister and loop controls are illustrated 
circuitwise, together with specific appli- 
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Natvar Products 





Is— Varnished cambric—straight cut and bias 
Hill Varnished cable tape 
50. Varnished canvas 
se Varnished duck 
"a Varnished silk 
en- Varnished special rayon 
t L Varnished Fiberglas cloth 
isses Silicone coated Fiberglas 
leals Varnished papers 
cuits Slot insulation 





we Varnished tubings and sleevings lam 

hess Varnished identifestion markers ZONAL VARNISHED PRODUCTS 
Lacquered tubings and sleevi od ; 

Trol ena oe nae aaa _ Telephone Cable Address Cogooralion 

otor- eee ee Rahway 7-8800 NATVAR: Rahway, N. J. 

elec- Extruded vinyl identification markers 


reg- RANDOLPH AVENUE x WOODBRIDGE, NEW JERSEY 
ated Ask for Catalog No. 21 


ppli- 
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cations of electronic controls to rubber 
calendar drives, multicolor printing and 
paper machines. Theoretical aspects are 
covered in a chapter on stability of a 

| closed-cycle system. In general, each cir- 
cuit is first covered as a whole and then 
is broken down into component circuits 
for individual treatment. 


| Introduction to Mechanical Design—by 

T. B. Jefferson and Walter J. Brook- 
ing. The Ronald Press Co., New York 
10. 612 pp. $6.50. 


Although written as a textbook, this 
volume is on a more practical level than 
the average book on machine design 
written by college professors. One au- 
thor is editor of a welding journal, the 
other has a good background in heavy 
welded fabrication. Emphasis is on 
welded construction although the book 
is not limited to that form. A chapter is 
devoted to all types of forming and fab- 
rication in design. The book approaches 
the subject as a whole in the light of 
functional purposes of a machine, its con- 
figuration requirements, economic con- 
siderations, use of empirical design data, 
and desired final appearance. Against 
this background is presented the elemen- 
tary theory of machine elements, like 
gearing, chain drives and cams, usually 
covered in textbooks. Materials are em- 
phasized and machine frames are given 
special consideration because the frame 
influences the factors of cost, function 
and configuration of the machine. The 
chapter on styling and “streamlining” is 
new for texts in this field. 





Television Principles — by Robert B. 


Dome. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., New 
York 18. 281 pp. $5.50. 


Written by a consultant of the elec- 
tronics department of General Electric, 
this practical treatise on principles and 
theory of all stages of television trans- 
mission and reception traces picture sig- 
nal from origin to reproduction on re- 
ceiver. Book emphasizes basic concepts 
in transmitter and receiver design so that 
reader can understand new designs and 
specifications as they arise. Separate 
chapters cover television history, elec- 
tronic methods of scanning and repro- 
ducing, video-frequency amplifiers, trans- 
mitting apparatus, receiving and _ trans- 
mitting antennas, input circuits and noise 





There’s a standard cg eigenen Sat —_ 
ers, picture second detectors an scan- 
C-D QUIETONE filter for ning systems. Stress is given to cathode 
practically every known application, engineered by the largest aoe a roaged and 
: ‘. signal-to-noise ratios in lead-ins. e in- 
filter laboratory in the world. If your problem is a brand creasingly popular intercarier sound 
new one, our filter engineers will be glad to collaborate system receives concise treatment. — 
. ' . . : matics is used rather freely throu 0 
with you! Write Dept. H91, for full information. the esha & -ainens af tena 
Cornell-Dubilier Electric Corp., South Plainfield, N. J. and illustrating text. 


ONSISTENTLY EPENDABLE Electronics — by Jacob Millman and 
—— Samuel Seely. Published by McGraw- 
Uj rn fv FLL- UJ kK ( L | F " Hill Book Co., 330 W. 42nd St., New 

; (|) York 18. 598 pp. $7.25. 
v Emphasis in this clearly written sec 
@) CAPACITORS ond edition is on physical fundamentals, 
casaeer iene PLAINFIELD, N. J.: NEW BEDFORD. WORCESTER, AND introduction 


MASS.: PROVIDENCE, R. 1.: INDIANAPOLIS, IND.; FUQUAY : to commercial tubes = 
SPRINGS, N.C.; AND SUBSIDIARY, THE RADIART CORP., CLEVELAND. OHIO analysis of these tubes as circuit elements. 
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f “Rn: 6. A.” 
t HEAVY DUTY SWITCH BODY 


i 


COSMALITE 
TUBES INSULATE 
BODY BOLTS 
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TRUMBULLCT )ELECTRIC\ 







Phenolic 
Tubing 
is used in heavy 
duty switches. 


In their popular “R.B.A.” Heavy Duty Industrial Switch 
The Trumbull Electrical Manufacturing Co. 
uses Cosmalite Tubing to insulate its body bolts. 

The combined electrical and physical properties of CLEVELITE* and COSMA- 
LITE* are essential wherever strength, low moisture absorption, high dielec- 
tric strength, low loss and good machineability are of prime importance! 

DEPENDABLE—ECONOMICAL—LONG LASTING 

. . . Why Pay More? 

Made in diameters, wall thicknesses and lengths to meet special or new 


adaptations . . . in various grades to meet the most exacting needs. 
Your inquiry will receive immediate attention. 


* Trade Marks 


UeCLEVELAND CONTAINER G2 


201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc, Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd. Prescott, Ontario 











REPRESENTATIVES 


MEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, N. J. 
NEW ENGLAND’ &. 5S. PETTIGREW & CO. 10 N. MAIN ST., WEST HARTFORD, CONN. /> 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO E 
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ECONOMY 
ACCURACY : IN PRECISION 


STABILITY Resistors 
COMPACTNESS 
* * * 


Have your Cake... and Eat it, too, with 
JELLIFF ALLOY 1000 RESISTANCE WIRE 


The new high in Resistivity—1000 
ohms/cmf—plus an impressive ar- 
ray of important electrical and 
physical characteristics, make our 
new ALLOY 1000 the most de- 
sirable material for windings in 
compact, precision resistors of all 
types. And the best thing about it 
is that you don’t gain one char- 
acteristic at the cost of serious 
losses elsewhere. Write today for 
Bulletin 25, with the full story 
and technical data on 


JELLIFF ALLOY 1000 RESISTANCE WIRE 





LEKTROMESH . RES, 


THE C. 0. 


ae ela 


MANUFACTURING 
CORPORATION 
SOUTHPORT, CONN. 


DIPPING BAS& 
au1M 32NV1° 


aa Hsaw aaIM 


. 
*rs © WIRE CLOTH © STRAINE 





Here at Comar, a 
competent staff of 
engineers, plus vast, 
new production 
facilities insure more 
rapid deliveries of a 
wide variety of elec- 
trical components. 
Write today. Your in- 
quiry will receive 
prompt attention. 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILLINOIS 





Generally speaking, the first half of the 
work is devoted to studying motion of 
charged particles, electronic phenomena 
in metals, statistical behavior of electrons, 
characteristics of thermionic cathodes, 
kinetic theory and atomic relationships in 
gases, and electrical discharges in gases, 
This section on relevant physics serves as 
background for subsequent discussion of 
diodes, gas tubes, rectifiers, and filters, 
photoelectric cells, triodes and multielec- 
trode tubes. New material added since 
the first edition includes treatment of 
electron bunching, as in the klystron; 
synchrotrons, betatrons and f-m_ cyclo- 
trons; semiconductors; metallic rectifiers; 
and UHF triodes. Extensive and unique 
presentations of the physical concepts, 
comprehensively yet simply explained, 
complement the mathematical analysis. 
In addition to conventional illustrations, 
many unretouched oscillograms help 
make the subject concrete. 


High Speed Photography—published by 
Society of Motion Picture and Tele- 
vision Engineers, 40 W. 40th St., New 
York 18. 160 pp. $2. 

This paper-bound volume contains 
eleven articles and a 19-page_ bibliog- 
raphy listing nearly 600 references on 
cameras, lighting, oscillography, Schlie- 
ren optics, applications of scientific pho- 
tography including X-ray, plus a cumula- 
tive index to the 44 articles appearing in 
all three of the Society’s volumes pub- 
lished so far. Articles appeared in the 
Journal of the SMPTE from January 
1°50 through January 1951. Subjects 
are: a survey of high-speed motion-pic- 
ture photography, flashlamp character- 
istics, infra-red photography, stroboscope, 
photography in transonic wind tunnels, 
description of equipment at ballistics 
range, 100-million frame per sec camera, 
photographing rockets and underwater 
explosions, simplified body-cavity cam- 
era, and cineflash. 


Die Casting—by H. H. Doehler. Pub- 
lished by McGraw-Hill Book Co., 330 
W. 42nd St., New York 18. 502 pp. $8. 
This book points out potentialities of 

die casting by explaining present produc- 
tion methods and design techniques. De- 
velopment of die casting machines is 
traced and current models are discussed, 
along with extensive details of die con- 
struction. Theoretical and practical as- 
pects of this production method and de- 
sign of castings receive coverage. Sep- 
arate chapters deal with die steels, cast- 
ing alloys, finishing, machining, trimming 
and piercing, inspection, cost estimating 
and safety procedures. A generous glos- 
sary of terms used in this industry is in- 
cluded. The large number of goed illus- 
trations, tables and graphs add to useful- 
ness of the book. 


Technical Manual, Radio Tubes—Pub- 
lished by Sylvania Electric Products, 
Inc., Emporium, Pa. $2. 

Revised and enlarged eighth edition 
contains approximately 150 pages of data 
on more than 500 receiving and television 
picture tubes, as well as 84 pages of 
general information on electron-tube 
operation. Convenient metal multi-ring 
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IT’S MADE OF BERYLCO BERYLLIUM COPPER 


The break jaw shown here is an integral 
part of the Westinghouse V type disconnect- 
ing switch, designed for outdoor operation 
at7'2 to 230 kv, 400 to 2,000 amp. Why 
is it made of Berylco Beryllium Copper? 


Because Westinghouse engineers wanted 
these qualities: good electrical conductivity; 
bulldog ability to grip the moving contact 
tightly, without relaxation, over a wide 
current range for long periods of time; 
enough ‘‘bounce” to withstand above-normal 
deflection without taking a permanent set. 


Of all current-carrying materials, only 


Berylco 10 could meet these exacting 
demands. Furthermore, Berylco’s unique 
combination of high conductivity and high 
elasticity made it possible to design the 
break jaw in one piece. Construction was thus 
simplified, efficiency of operation improved. 


The unique properties of this versatile alloy 
— its combination of great strength, electri- 
cal conductivity and resistance to fatigue— 
are as vital in the products of defense as they 
are in peacetime products. We invite you, 
in your plans for the future, to take advan- 
tage of the technical knowledge of the 


world’s largest producer of beryllium copper. 


VALUABLE ENGINEERING INFORMATION 
on Berylco Beryl- 
lium Copper is 
compiled in a series 
of monthly tech- 
nical bulletins. To 
receive your copy 
regularly, write on 
your business let- 
terhead. 

Sample material 


also available for 





testing purposes. 


Tomorrow's products are planned today 
—with Berylco Beryllium Copper. 


a AAMT teu 





DEPT. I, READING 5, PENNSYLVANIA 
New Yorke Springfield, Mass. * Cleveland * Dayton Detroit * Chicago * Minneapolis « St. Louis * Seattle » San Francisco « Los Angeles 


Representatives in principal world-trade centers 
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SERVOTHERM PRODUCTS . 


BOLOMETER 


PREAMPLIFIER 


AND 





Thermistor bolometers are FAST, sensi- 


tive INFRARED and HEAT detectors. Especially 
RUGGED for industrial, scientific, and military 
applications. PREAMPLIFIER provides NOISE- 


FREE initial amplification and mount. 





THERMISTOR 


POWER SUPPLY 


Provides voltages required by 


BOLOMETER bridge and PREAMPLI- 
FIER. Regulated and filtered permit- 
ting THEORETICAL NOISE LIMITS of 
amplification, while operating from 
60 CYCLE line. 


SERVO CORPORATION 


OF 


DEPT. EM9 


STR Te 
MU aS 


effectively and economically solved with 


tae. 


electronic ‘‘Weather Strips’’ 


AMERICA 


NEW HYDE PARK, N.Y. 








Resilient... Conductive... Compressible... Cohesive 


From closures for cabinets to gas- 
kets for waveguide couplings, 
Metex Electronic Shielding as- 
sures lasting metal-to-metal con- 
tact to prevent leakage, without 
the need for costly machining to 
secure precise surface-to-surface 
contacts. Metal wire — knitted, 
not woven or braided — gives 
Metex Electronic Strips and Gas- 
kets that combination of conduc- 





' 


METAL TEXTILE 





cs 


649 East First Avenue 


KRM RIMM NK A OM Ng 
. KKRAK KHAN ARN KAK KKK KK AK AR RKARAAAA RE KY 


KNITTERS OF WIRE MESH FOR MORE THAN A QUARTER CENTURY 


ROKR KKK ooo eee tte ee 
RRR ERR MK KK KK 


tivity and resiliency which makes 
them so effective and economical 
for shielding. 


For a more detailed picture of the 
scope of utility of Metex Elec- 
tronic Products, write for free 
copy of ‘‘Metex Electronic 
Weather Strips.” Or outline your 
specific shielding problem—it will 
receive immediate attention. 





CORPORATION 


4,910, 0,0,0,0,4 


Roselle, N. J. 













binder snaps open for deletion or add- 
tion of data sheets. New sheets on future 
tube types are issued to holders of man- 
uals. Pages are 4% in. wide, 9 in. long. 
Narrow width is largely responsible for 
fact that some tube characteristic curves 
are slightly compressed and hard to read. 
Text is included on fundamental elec- 
trical laws and properties of electron 
tubes, common electronic terms, general 
circuit considerations, and use of curves, 
Charts and drawings give resistance- 
coupled amplifier data, obsolete tubes, 
tube dimensions, basing diagrams, and 
information on panel lamps, ballast tubes 
and plug-in resistors. 


Nature of Polyphase Induction Machines 
by Philip L. Alger. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16. 397 pp. $7.50. 
Purpose of the book is to implant an 
understanding of polyphase induction 
machines and an ability to predict their 
behavior. First sections of the book give 
familiar principles of analysis, including 
performance calculations and information 
on the design of the machines. A chapter 
is devoted to presenting design objectives, 
both technical and economic, relative to 
frame size and construction, ventilation 
and temperature rise, shafts and bearings, 
insulation, magnetic core and windings. 
The following four chapters give much 
new information on the calculation of 
reactance, crawling and locking torques, 
magnetic noise and voltage ripples. Sig- 
nificance of ratings, starting-current and 
temperature limitations are discussed. 
The final chapter explains Kron’s gener- 
alized method of analysis for all electric 
machines and applies it to the solution of 
such induction machine problems as short 
circuiting and unbalanced operation. 


Steel Castings Handbook—Published by 
the Steel Founders’ Society of America, 
920 Midland Bldg., Cleveland 15. 522 
pp. $4. 

Latest edition is revised and enlarged 
version of original, last printed in 1945. 
Classes of castings and their advantages 
are given, and uses are discussed and 
illustrated. A section is devoted to factors 
in steel casting design, including eliminat- 
ing of defects such as hot tears, shrinkage 


cavities, misruns and sand _ inclusions. 
Manufacture of castings is described, 
along with mechanical properties of 


various carbon and other alloy cast steels. 
Data is given on heat and corrosion-resist- 
ant alloys and austenitic manganese cast 
steel. Extensive tables and graphs pre- 
sent physical and engineering properties 
of cast steel. 


Vibration and Shock Isolation — by 
Charles E. Crede. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16. 328 pp. $6.50. 
Resilient supports to protect equipment 

and machinery from vibration are dis- 

cussed in this book which, being primar- 
ily for the practicing engineer, concen- 
trates on the principles of isolation and 
the design of isolators, rather than on 
general vibration theory. The work is 
based on the author’s service with the 
Naval Research Laboratory and the Barry 
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. . . use Artos Machines to cut and 
strip millions of feet of wire each 
year in the manufacturing of their 
world-renowned business machines. | 
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ARTOS 


for Industry-in-a-Hurry... 


AUTOMATIC 
MACHINES 


Speed Wire Measuring, Cutting & Stripping at 
International Business Machines Corporation 


Here is how IBM use Artos automatic machines to speed up 
production of their products. 


PLATING DEPARTMENT © Uses an Artos Machine to cut 


No. 16, 18 and 20 bare copper wire into lengths ranging from 
14 to 42 inches for stringing various shape and size of parts 
for plating operations. About 160,000 wires per month are 
cut on this application. 

COIL COVERING DEPARTMENT | (Uses two Artos Machines 
for cutting and stripping No. 18, 20 and 24 lead wires for 
magnet coils ranging in lengths from 1-7/16 to 5 inches. 
These two machines run full time and their production is 
supplemented by partial production of a third machine in 





IBM Electronic Calculating Punch 


One of the many great IBM machines, this 
general purpose electronic digital computing 
machine is helping solve some of the most 
difficult calculating problems in science, en- 
&ineering, business and government. 
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| COUNTER ASSEMBLY DEPARTMENT | 





another location to produce the required 1,695,000 lead wires 
per month. 


COIL ASSEMBLY DEPARTMENT | Uses one Artos Machine to 


cut spaghetti insulation tubing to various length from 1-1/4 
to 16 inches for a total requirement of 382,000 pieces per 
month. This machine is also used to cut plastic oil tubing to 
various lengths used in the lubricating system of IBM 
machines. 


Uses one Artos wire 
cutting and stripping machine to cut and strip 28 wires for 
each counter plate varying from 1-3/4, to 8-34 inches in length 
for a total production of approximately 328,000 pieces per 
month. 


In addition to the above applications at Plant 1, Endicott, New York, Artos Machines 
are also used at Plant 2, in Poughkeepsie and the Canadian Plant in Toronto, as well as 
by some IBM sub-contractors on control panel plugwire manufacturing. 
You'll probably find an ARTOS AUTOMATIC to match your wire cutting needs exactly. 
Write or wire for details. 


ARTOS 


ENGINEERING CO. 
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Bellows ‘‘Controlled-Air-Power” Relieves the 
Shortage of Skilled Machine Operators 


Take a look around your plant. Wherever you see 
an operator hand feeding a part to a tool or a tool 
to a part, there’s an operation you can perform 
faster, safer and better with Bellows “Controlled- 
Air-Power” Devices. 


These unique “packaged” air-powered units double, 
. triple and even quadruple the output of standard 
machine tools; add immeasurably to the productive 
capacity of your highly essential skilled labor supply. 
Call a Bellows Field Engineer. He’s listed in the 
phows Beek: * over a hundred cities under “The 
| to look over some of those 


‘Let him show you 
y of just what Bellows 













“ear you, write us and we'll be 
. + complete case histories 


accomplishing in plants large and 


If there is not @ 
glad to send you out 
showing what Bellows 
small in all industries. 


¥ Address: The Bellows Co., Dept. EM 951 


The Bellows co. 


AKRON 9, OHIO 


Roo 
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Corp. Isolation is treated both from the 
analytical and the descriptive viewpoint 
to permit the material to be useful to the 
widest possible audience. Included are 
discussions of several basic mathematical 
and physical concepts, nonlinear and 
damped systems, sound isolation, prop- 
erties of materials used in isolators, de- 
sign of mounts that employ these mate- 
rials, and many specific applications of 
isolators, both industrial and military. 


Nomographic Charts—by C. Albert Kul- 
mann. Published by McGraw-Hill 
Book Co., 330 W. 42nd St., New York 
18. 250 pp. $6.50. 


This volume is a collection of 92 full- 
page charts, accompanied by suggested 
applications and explanation of procedure 
in using the charts. The nomographs have 
been used by the author as time-saving 
devices in engineering computations. 
They are of particular value in such fields 
as electrical engineering, hydraulics, me- 
chanics and thermodynamics. Where the 
factors entering into a problem may be 
modified by exponential functions, empir- 
ical multipliers or similar variations, 
chart scalings take them into account. 
The charts, most of which are of the 
intersection or combination intersection 
and alignment type, are accurate beyond 
conventional slide-rule computation. Typ- 
ical of the nomographs are those for 
determining various powers and _ roots, 
reciprocals, circle area and circumfer- 
ence, properties of geometric figures, pipe 
flow and loss, pump size and horsepower, 
belt design, voltage drop, power factor 
and reactive power, capacitance and sus- 
ceptance. 


Nondestructive Testing in the Economics 
of Production—a symposium. Publica- 
tion STP No. 112, American Society 
for Testing Materials, 1916 Race 
Street, Philadelphia 8. 164 pp. $2.50. 


Six papers in this symposium present 
actual and potential applications for 
recognized methods of nondestructive 
testing useful in increasing quality or 
decreasing costs in production. The first 
paper lists and describes 12 methods, 
and includes a bibliography of over 400 
references and an extensive list of ap- 
plicable patents. Other papers discuss 
methods of examining welds, cast and 
wrought products for discontinuities. 
Closing author states, “Any engineering 
manager who neglects to exploit non- 
destructive testing in the development of 
a new engineering product or process is 
failing in what well may be one of his 
most vital management responsibilities.” 
A complete and practical discussion for 
product designers. 


Materials Handbook—by George S. 
Brady. McGraw-Hill Book Co., Inc., 
330 W. 42nd St., New York 18. 913 pp. 
$8.50. 


Revised seventh edition of this popu- 
lar reference volume includes 1500 more 
materials than the previous edition, 
bringing the total number to 8800 ma- 
terials. As in the preceding editions, 
Part I gives physical and chemical prop- 
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high-voltage 
Selenium Rectifiers 


p 


a. 


aN 


Prove to yourself that G-E selenium rectifiers are 
superior. Once having tested them you’ll decide to 
use them on every job. For G-E stacks help keep 
your product out front through long-term high output, 


COMPARE FORWARD RESISTANCE—Comparison will 
show the extremely low forward resistance of G-E 
cells—will show you why they deliver higher output 
voltage—-will show how you can cut costs in circuit 


components and design. 


COMPARE BACK LEAKAGE—Comparison will show 
the low back leakage of G-E cells will show you why 
their lower internal losses mean higher output. Lower 


leakages mean less heating, longer life, economical 


VN 
WN 
\ 





See for yourself! 
Make your own 


COMPARISON 


operation for General Electric high-voltage rectifiers 


and the equipment they ably service. 


COMPARE TEMPERATURE RISE—Because of their 
low forward resistance and low back leakage, they 
are cooler operating don’t overheat nearby parts 


require less ventilation —have longer life. 


Write Section 461-17, General Electric Company, Schenec- 
tady 5, New York for a copy of GEA-5524 which gives 
details on comparative testing. Or, arrange for test 
details and sample units through an authorized G-E 
agent or the General Electric specialist at your local 
G-E office. 
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No electrical appliance can be a bit better 
than its Cord Set. Hundreds of leading man- 
ufacturers are now forestalling trouble that 
means CORDelirium to the ultimate user, by 
equipping their whole output with CORNISH- 
branded Cord Sets. Our engineers are con- 
stantly at work on special problems of this 


kind. Remember . . . ALL CORNISH units 
embody 


INTEGRAL ONE-PIECE 
MOLDED-ON PLUGS 


> 
SURE CONTACT 
SPRING ACTION BLADES 
ee 
U-L APPROVED CORDS 








They are designed and manufactured in 
accordance with the latest and most scien- 


tific principles . . . to build GOOD WILL for 
YOUR trademark through longer and more 
satisfactory operation on the job. 


s your best heot-resistant hookup and lead wire, U-L 
japproved ot 90°C. Not extruded plastic; uniform] 
j diameter ossured, eliminating “blobbing” and “nick-| 
jing”. We have your gauge and color. Write today. 


90 Church Street, New York 7, N. Y. 


Branch Offices 


PHILADELPHIA BRIDGEPORT CLEVELAND CINCINNATI 
DETROIT MINNEAPOLIS ST. LOUIS ATLANTA 
DALLAS DENVER LOS ANGELES SAN FRANCISCO SEATTLE 


CHICAGO 
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erties of these materials in common 
terminology. Part II includes economic 
and geographic information on distribu- 
tion and production. It also presents in- 
formation on weights, terms, relevant 
technical U. S. agencies, etc. 





Manufacturers’ 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


INVESTMENT CASTINGS—Four-page 
brochure C2M-5-50 briefly describes 
method used in making investment cast- 
ings. Included is a detailed discussion of 
advantages possible in the designing of 
small parts made by the lost wax process. 
Closer tolerances, greater strength, com- 
bining of parts into a single piece, and 
reduction of cost are among benefits re- 
ported. The Adapti Co., 2996 E. 72nd 
St., Cleveland. 


INSTRUMENT NOTES First of a 
planned series of papers entitled “Rubi- 
con Notes” deals with semi-precision po- 
tentiometers. Later issues will provide 
information on subjects such as_ the 
high-precision potentiometers, Wheat- 
stone bridge methods, production re- 
sistance testing, galvanometer used in 
chemical analysis, low-voltage poten- 
tiometers, selection and use of galva- 
nometers, high-precision resistance meas- 
urements, galvanometer in flux testing 
and potentiometer in calibration of in- 
dustrial instruments. First issue contains 
four pages discussing theory, limitations 
and operation of simple potentiometer 
and of improved two-dial circuit. Stand- 
ard line of potentiometers is listed along 
with ranges and accuracies. Rubicon Co., 
Ridge Ave. & 35th St., Philadelphia 32. 


MOTOR CONTROLS—Fifth edition of 
“Handy Catalog” contains 92 pages illus- 
trating and discussing line of motor con- 
trols. Among the products described and 
electrically and physically specified are 
a-c and d-c control relays, contactors, 
across-the-line reversing switches, across- 
the-line switches, automatic _ starters, 
drum switches, rheostats and speed reg- 
ulators, manual switches, a-c magnetic 
switches, push-button limit switches, ac- 
cessories and synchronous starters. The 
new edition has a-c and d-c indexes on 
each page for convenient cross-reference. 
Allen-Bradley Co., 1316 S$. 2nd, Mil- 
waukee 4, Wis. 


STAINLESS STEEL HANDBOOK — A 


new data and handbook on. stainless 
steels is intended for users of heat and 
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Electrical Insulation Headquarters 





meaiinie for mecinie 
. .. by any comparison and yardstick, PERMACEL TAPES 
have the qualities and stamina for everlasting 
protection and positive cohesion. Made of cotton cloth, 
crepe or flatback paper, acetate film or cloth, 
PERMACEL TAPES have instant fingertip 

stickiness, elasticity, great dielectric and tensile 
strength, great tear resistance, maximum adhesive 
firmness, excellent varnish penetration . . . they resist 


electrolytic corrosion, oils, moisture and acids, etc. 


— WES... PERMACEL TAPES have what it takes 
to insulate, protect, tie and identify . . . and 


frequently at lower cost! 


Write to MITCHELL-RAND for free 
samples and descriptive data. 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH ~ INSULATING PAPERS 
AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE - TRANSFORMER COM. 
POUNDS * FIBERGLAS SATURATED SLEEVING * ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND 
TAPE « MICA PLATE, TAPE, PAPER, CLOTH, TUBING * FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND 
SLEEVINGS » IMPREGNATED VARNISH TUBING * INSULATING VARNISHES OF ALL TYPES * EXTRUDED PLASTIC TUBING 
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When you buy 


fasteners. tt pays 
t0 economize... 


WITH THE BEST! 





The price of a fastener is very low 
compared to other components 
that go into your product. But 
figured intermsofassembly time, 
the final cost of an inferior fasten- 
er can be many times its price. 
That’s why we say it pays to 
economize with good fasteners. 
Scovill makes good fasteners. 
Scovill fasteners are made on 
special order only; no “bin” 
stock is carried. They are “‘cus- 
tom-made’”’ for each job. 








Recessed Head Screws * Sems 
Tapping Screws «+ Standard 
Machine Screws * Special Cold 
Headed Parts 


| 
\ ny STENERS 


industrial Fastener Sales, Waterville Division 
Scovill Manufacturing Co., Waterville 14, Conn. 


Montclair, N. J. « Detroit * Wheaton, Ill. « Los Angeles 
Cleveland ¢ San Francisco « Rochester, N. Y 
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corrosion resistant metal. The handsome 
cloth-bound 120-page volume discusses 
40 types of stainless steel, giving data on 
analyses, fabrication, heat treatment and 
special conditions of service. The first of 
the seven chapters deals with factors in- 
volved in selecting proper type. A selec- 
tor table on nickel-chromium and 
straight chromium steels lists about 40 
physical, electrical and mechanical prop- 
erties. A second group of tables lists cor- 
rosion resistance to substances such as 
organic compounds, acids and salts. Sep- 
arate chapters discuss heat-resistant and 
low-temperature properties of the metals. 
Allegheny Ludlum Steel Corp., 2020 
Oliver Bldg., Pittsburgh 22. 





MEN in 
INDUSTRY 


Appointment of Nathaniel B. Nichols, 
as manager of the research division of 
Raytheon Manufacturing Co., Walthari, 
Mass., was announced recently. The ap- 
pointee is an authority on servomechan- 








» 
R.\ 


Nathaniel B. Nichols 


isms and automatic controls. He has been 
a physicist and research director with 
Taylor Instrument Co., and held posts 
at the Massachusetts Institute of Tech- 
nology. In 1950 he was named professor 
of electrical engineering at the University 
of Minnesota, where he taught courses 
dealing with computors. A Naval ord- 
nance award was given him in 1947 for 
work in connection with fire-control sy- 
stems. 


Dr. LeVan_ Griffis been named 
manager of the engineering mechanics 
division of Armour Research Foundation, 
and Dr. E. H. Schulz has been appointed 
manager of the physics and electrical 
engineering division. 


has 


J. Herbert Behm is now assistant to the 
manager of engineering on special assign- 
ments in General Electric’s fractional 
horsepower motor engineering divisions, 
Fort Wayne, Ind. Lee R. Beard will serve 


SELENIUM RECTIFIERS 


if 


out of 
every 
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Here at International Rectifier Corpora- 
tion, we take our engineering seriously. 
As a result, one out of every 5 of our 
employees is a carefully trained, graduate 
engineer. That means intelligent control 
of quality from design to finished product. 
That also means, when you specify Inter- 
national R. C. Rectifiers, you get peak 
performance and long life. 


You can put this engineering organization 
to work for you without adding one cent 
to your payroll. International R. C. engi- 
neers will cooperate with your staff in 
developing the correct Rectifier for your 
job and in producing them in the quantity 
you need. 



























TYPE W-HS-SERIES 
75 Milliamperes DC 


In 114” Phenolic Tube with 
stud mounting at each end. 
Circuit-Half-Wave. Overall 
length varies to 14”, de- 
pending on DC Output 
Voltage rating. For many 
applications for heavier 
duty and inverse peak 
suppressor circuits. 


Type W248HS 

4960 Voits DC Output 
75 ma. Overall 
length, 13”. 


DESIGNED 
OVER 500 TO MEET 
TYPES DIFFICULT 
HUMIDITY, 

FOR EVERY ALTITUDE, 
SPECIAL VIBRATION 
NEED AND SHOCK 


SPECIFICATIONS. 
PARTIAL LISTING 


W-HS SERIES 
DC Output Rectifier 
Voltage Part No. 
20 WI1HS 
60 W3HS 
100 WS5HS 
400 W20HS 
800 W40HS 
1500 W75HS 
2500 W125HS 
3500 W175HS 
4500 W225HS 
6000 W300HS 


When you put your rectifier problems up 
to International Rectifier Corporation, you 
not only get peak performance, you get 
dependability and long life. Write for fur- 
ther data and literature. 


INTERNATIONAL 


RECTIFIER CORPORATION 
6809 S. VICTORIA AVE @ LOS ANGELES 43 
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custom molder's know-how 


7 


i, pays fo use your 


for the dielectric strength and stability 


required in aircraft disconnect panels 


No. 






PROJECT: 
53-place pressurized 
electrical disconnect 
panel for aircraft 






CUSTOMER: 
Burndy Engineering Co.,Inc. 
New York, N.Y. 





MOLDER: 


Kuhn & Jacob Molding 
and Tool Co. 
Trenton, N.J. 


MATERIAL: 
High-grade electrical-type 
Durez phenolic plastic 






@ The two faces of this 53-place dis- 
connect panel live two different lives. 
Being inside the pressurized area of the 
aircraft, one face serves under the favor- 
able conditions maintained for the 
comfort of passengers. But the other 
panel face is outside of this area and 
hence exposed to the sharply varying 
pressures and temperatures of sub- 
stratosphere flight. 

What explains its trouble-free per- 
formance under such conditions? The 


Our monthly ‘‘Durez Plastics News’ will 
keep you informed on industry’s uses of 
Durez. Ask us to send a copy regularly. 
Durez Plastics & Chemicals, Inc., 1309 
Walck Road, North Tonawanda, N. Y. 


SEPTEMBER 1951 


in a Series on Plastics Skill at Work... 


material itself... a standard Durez 
phenolic developed to meet unusual 
electrical requirements ... and the ex- 
perience and skill of the parts producer 
and the custom molder. 

With the right Durez plastic de- 
cided upon, Kuhn & Jacob engineers 
were able to work out a mold design 
that results in ‘“‘clean’’ molded-in socket 
inserts. No finishing is necessary. 
Proper design and production tech- 
nique assure perfect contact in the pre- 





THIS BURNDY DISCONNECT PANEL, of plunger molded electrical-grade 
Durez phenolic, holds 53 metal alloy socket inserts in position where con- 
trols lead from interior to exterior of aircraft. Modern molding procedures 
and self-insulating materials enable producers to meet increasingly high 
specifications in components ... close tolerances, durability, and safety. 


PHENOLIC 


RESINS 

















saoosameaslh 


cision-machined inserts, at the same 
time preserving the dielectric, mechan- 
ical, and surface properties inherent in 
this heavy-duty plastic. 

Your custom molder’s aim is to give 
you the best buy in plastics engineer- 
ing, performance, and delivery speed. 
His unbiased recommendations on us- 
ing Durez stem from long and success- 
ful experience. When wanted, the 
specialized experience of our field 
technicians is freely available. 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 





PHENOLIC PLASTICS THAT FIT THE JOB 
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Delicate fabrication 
or massive work, 
Kester makes a spe- 
cialized _ flux - core 
solder (over 100,000 
different types and 
sizes) that will do 
the job perfectly. 
Kester Solders are 
made only from the 
finest grades of tin 
and lead commerci- 
ally available. 


Kester Flux-Core Solders are not only preferred by 
industry, but individual workers also insist upon 
Kester to enable them to do their best work with a 
minimum of rejects. 


Saves Time 


A Kester Technical Engineer, with his wide experi- 
ence in industry, will specify the most efficient flux- 
core solder for your operation and will suggest the 
best method of application. 










Kester Solder Company 
4209 Wrightwood Ave., Chicago 39 
Newark, N. J. Brantford, Canada 







Send for free manual 
“SOLDER and Soldering 
Technique” 


(S513; 
SOLDER 


Standard for Industry since 1899 
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as division engineer of the a-c motor en- 
gineering division, Ray D. Jones as divi- 
sion engineer of the development engi- 
neering division and I. E. Ross as division 
engineer of the d-c and specialty motor 
engineering division. 


Position of chief television engineer at 
Emerson Radio & Phonograph Corp., 
New York, has been given Walter Lukas, 
Francis J. Burger is now chief radio engi- 
neer and L. G. Zucker chief mechanical 
engineer. 


Graham S. McCloy of the Westing- 
house Electric Corp., appliance division 
at East Springfield, Mass., has received 
an award of $5000 from the company for 
achievement in inventing a fully auto- 
matic defrosting refrigerator. 


C. Richard Newpher has joined Lam- 
inated Plastics, Inc., Cleveland, as execu- 
tive vice president. The firm makes fiber- 
glass reinforced plastics. He was with 
Reliance Electric & Engineering Co. as 
manager of the Ivanhoe division. 


Dr. Ivan A. Getting, formerly a pro- 
fessor of electrical engineering at the 
Massachusetts Institute of Technology, 
has been elected vice president, engineer- 
ing and research, of Raytheon Manufac- 
turing Co., Waltham, Mass. An authority 
on radar, he has held the post of chief 
scientist of the Air Force for the past 
year. 


Raymond C, Freeman, new manager 
of General Electric Company's welding 
divisions, Fitchburg, Mass., has appointed 
Alanson U. Welch to succeed him as 
manager of engineering of the welding 
divisions. 


R. Allen Benjamin recently was desig- 
nated vice president and secretary of the 
Benjamin Electric Mfg. Co., Des Plaines, 
Ill. He will have supervision of the engi- 
neering department. 


Don S. Urquhart has been named prod- 
uct engineer for the Wel-Met Co., Kent, 
Ohio, manufacturers of self-lubricating 
bearings and structural parts made of 
metal powders. He had been with U. 5. 
Graphite Co. 


George Breza has been appointed chief 
engineer of Mackintosh-Hemphill Co., a 
machinery firm, 901 Bingham St., Pitts- 
burgh. He had been assistant chief engi- 
neer since 1937. 


Dr. Arthur E. Middleton has been 
placed in charge of research on dielectrics 
and semiconductors at Battelle Memorial 
Institute, Columbus, Ohio. He joined the 
staff in 1945 and has pioneered in re- 
search on materials for, and development 
of, electrical components. 


Paul Harter has been named chief de- 
velopment engineer at the Warner Elec- 
tric Brake & Clutch Co., Beloit, Wis. 


Hendley Blackmon has been named 
manager of engineering associations ac- 
tivities for the Westinghouse Electric 
Corp., East Pittsburgh. He will work 
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K 
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STrelalelola-) Titties tl EVERLOCK 


WRITE TODAY FOR New 1951 CATALOG! 


It's off the press! It's YOURS .. . FREE! It 
gives complete specifications on every Everlock 
Washer. Find out now how Everlock can help 

you safeguard the quality of the product you 
make. Write for new 195] catalog today. 


THOMPSON-BREMER & COMPANY, 1642 W. HUBBARD ST., CHICAGO 22, ILL. 


IN DETROIT: SAM T. KELLER COMPANY, 2457 WOODWARD AVE. 


Standard Standard Standard Standard 
External Everlock Internal Everlock 80° Countersunk Everlock internal-External Everiock 


the washer that has the edge 





Delicate fabrication 
or massive work, 
Kester makes a spe- 
cialized flux - core 
solder (over 100,000) 
different types and 
sizes) that will do 
the job perfectly. 
Kester Solders are 
made only from the 
finest grades of tin 
and lead commerci- 
ally available. 


Kester Flux-Core Solders are not only preferred by 
industry, but individual workers also insist upon 
Kester to enable them to do their best work with a 
minimum of rejects. 


Saves Time 


A Kester Technical Engineer, with his wide experi- 
ence in industry, will specify the most efficient flux- 
core solder for your operation and will suggest the 
best method of application. 


Kester Solder Company 
4209 Wrightwood Ave., Chicago 39 
Newark, N. J. Brantford, Canada 


Send for free manual 
"SOLDER and Soldering 
Technique” 


KESTER 


Standard for Industry since 1899 
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gineering division, Ray D. Jones as divi- 
sion engineer of the development engi- 
neering division and I. E. Ross as division 
engineer of the d-c and specialty motor 
engineering division 


Position of chief television engineer at 
korn rson R dic & Phonogr iph Corp 
New York, has been given Walter Lukas. 
Francis J. Burger is now chief radio engi- 
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engineer. 


Graham S. McCloy of the Westing- 
house Electric Corp., appliance division 
at East Springfield, Mass., has received 
an award of $5000 from the company for 
achievement in inventing a fully auto- 
matic defrosting refrigerator. 


C. Richard Newpher has joined Lam- 
inated Plastics, Inc., Cleveland, as execu- 
tive vice president. The firm makes fiber- 
glass reinforced plastics. He was with 
Reliance Electric & Engineering Co. as 
manager of the Ivanhoe division. 


Dr. Ivan A. Getting, formerly a pro- 
fessor of electrical engineering at the 
Massachusetts Institute of Technology, 
has been elected vice president, engineer- 
ing and research, of Raytheon Manufac- 
turing Co., Waltham, Mass. An authority 
on radar, he has held the post of chief 
scientist of the Air Force for the past 
year. 


Raymond C. Freeman, new manager 
of General Electric Company’s welding 
divisions, Fitchburg, Mass., has appointed 
Alanson U. Welch to succeed him as 
manager of engineering of the welding 
divisions. 


R. Allen Benjamin recently was desig- 
nated vice president and secretary of the 
Benjamin Electric Mfg. Co., Des Plaines, 
Ill. He will have supervision of the engi- 
neering department. 


Don S. Urquhart has been named prod- 
uct engineer for the Wel-Met Co., Kent, 
Ohio, manufacturers of self-lubricating 
bearings and structural parts made af 
metal powders. He had been with U, 5. 
Graphite Co. 


George Breza has been appointed chief 
engineer of Mackintosh-Hemphill Co., a 
machinery firm, 901 Bingham St., Pitts- 
burgh. He had been assistant chief engi- 
neer since 1937. 


Dr. Arthur E. Middleton has been 
placed in charge of research on dielectrics 
and semiconductors at Battelle Memorial 
Institute, Columbus, Ohio. He joined the 
staff in 1945 and has pioneered in re- 
search on materials for, and development 
of, electrical components. 


Paul Harter has been named chief de- 
velopment engineer at the Warner Elec- 
tric Brake & Clutch Co., Beloit, Wis. 


Hendley Blackmon has been named 
manager of engineering associations ac- 
tivities for the Westinghouse Electric 
Corp., East Pittsburgh. He will work 
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““CHISEL EDGE’’ LOCK WASHER 
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ALU Y 


QUALITY 


FOR YEARS, 


Standard Internal-External EVERLOCK 


WRITE TODAY FOR New 1951 CATALOG! 


It's off the press! It's YOURS . . . FREE! It 
gives complete specifications on every Everlock 
Washer. Find out now how Everlock can help 

you safeguard the quality of the product you 
make. Write for new 195] catalog today. 


THOMPSON-BREMER & COMPANY, 1642 W. HUBBARD ST., CHICAGO 22, ILL. 


IN DETROIT: SAM T. KELLER COMPANY, 2457 WOODWARD AVE. 


Standard Standard Standard Standard 
External Everlock Internal Everlock 80° Countersunk Everlock internal-External Everiock 


the washer that has the edge 





Specify the electrical properties, flex- 

ibility, tensile strength, laying speed, 
uniformity and other characteristics you 
must have. Our Hudson and Winsted Di- 
visions will meet and maintain your spe- 
cifications. 


Yes, “Fine Wire Made Finer!” That’s why 
Hudson-Winsted fine wires are the first 
choice of electrical, radio-TV and elec- 
tronic manufacturers whose products are 
noted for reliability and long life. 


iter HudsOn wire company 


custom drawn 
custom insulated 

custom spooled... 

to your most exacting 
requirements 


Tell us your wire problems 
and requirements. Our re- 
search, engineering and pro- 


disposal. Let us quote! 


general offices: ossining, n. y. winsted division, winsted, conn. 


Z. tiie . ox * 


@ Among the feature articles scheduled to ap- 


pear in coming issues . . . a survey of Metallic 


Rectifiers for designed-in use 


. . . Development 


and Appearance Design Story behind the new 
Shick Shaver . . . Selected Case Histories of 
Large Plastics Parts . . . Causes of Radio Fre- 


quency Interference and how to prevent it . . . 


Silicone Rubber Tape properties and applica- 


tions . .. Problems faced in designing Powdered 


Metal Parts. 


with company engineers in the prepara- 
tion of papers to be presented before 
engineering association meetings. He had 
been assistant manager since 1949. 


Dr. Louis T. Rader, manager of eng1- 


| neering of General Electric’s control di- 
| visions at Schenectady, N. Y., has an- 


nounced appointment of Harry L. Palmer 


| as his assistant manager and Benjamin 
| Cooper as division engineer of the elec- 
| tronics and regulator engineering divi- 
| sion. 


Carl F. Dietz, president of Lamson 


| Corp., Syracuse, N. Y., was awarded the 


honorary degree of doctor of engineering 
by the Stevens Institute of Technology at 
summer commencement exercises. 


Albert W. Friend has been appointed 
director of engineering for the Daystrom 
Instrument division of Daystrom, Inc., 
Elizabeth, N. J. He was formerly on the 
research staff of the RCA Princeton lab- 


oratories. 


W. F. Hurlburt, Sr., retiring chairman 
of the board of Automatic Switch Co., 


| Orange, N. J., was given a bronze testi- 
| monial plaque recently by the employees 





duction facilities are at your | ° bis firm. 


Ray F. Sparrow has been elected exec- 


| utive vice president of P. R. Mallory & 


Co., Indianapolis, Ind. 


J. W. MeNairy has been appointed 
manager of the General Electric Co. Ap- 


| pliance Park project at Louisville, Ky. He 


was formerly manager of engineering and 
manufacturing of the major appliance 
department. 


Appointment of Arnold G. Johnson as 
chief design and development engineer 
of the Sealtron division of the Cincinnati 


| Electronics Co. was announced recently. 


He will have charge of developing her- 


| metic seals and other processes. 


C. J. White has been named president 


| of the Regulator Equipment Corporation 
| of 55 MacQuesten Parkway South, Mount 
| Vernon, N.Y. John F. Hysler is general 
| manager. Warren Dornhoefer is engineer- 
| ing manager and Gustave A. Gsell is 
| sales manager. 


Dr. Edward U. Condon, noted nuclear 
physicist, has been appointed director of 
research and development of Corning 


| Glass Works, Corning, N.Y. President 


Truman has accepted Dr. Condon’s resig- 


| nation as director of the National Bureau 
| of Standards, effective September 30. Dr. 
| Jesse T. Littleton will become the gen- 


eral technical advisor. He had held the 
post Dr. Condon will take over. 


Jonathan R. Roehrig is now associated 
with National Research Corporation as 
project manager in the physics research 
department. He had been with the Ray- 
theon Manufacturing Co., General Elec- 
tric and the Bell Telephone Laboratories. 


E. Russell Meyer has been named to 
the position of manager of quality of 
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FIG.CC 






Stock # 

41MC2 

41MM2 

41MC6 

41MC26 
41MC17 
41MC16 
41MC7 

41MD62 
41MD46 
41MD63 
41MD23 
41MLH 

41MD51 
41MD2 

41MD21 
41MD38 
41MD6 

41ML1 

41MC12 
41MD34 
41MD65 
41MD60 
41MCll 
41MD61 
41MD41 
41MD64 
41MD66 
41MC32 
41MC19 
41MD8 

41MD27 
41MC31 
41MC18 
41MD1 

41M055 
41MC28 
41MD45 
41MD22 
41M028 
41MC25 
41MD47 
41MD9 

41MC10 
41MC4 
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AND DISTRIBUTORS: 
Write for Catalog 


SEeley 8-4143 






















SEPTEMBER 1951 





IMMEDIATE DELIVERY OF 


Tyo Gua 


This list of brand new standard brand miniature switches rep- 
resents only a few of many types in stock at Wells. Large 
quantities of most types are on hand for your immediate re- 
quirements. Write or wire for quotations on switches not listed. 


Mfr 

ACRO 
MU 
MU 
MU 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MU 
MU 
MICRO 
KLIXON 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
ACRO 
ACRO 
ACRO 
ACRO 
MICRO 
MU 
MU 
PHAO 
ACRO 
ACRO 
ACRO 
ACRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 


SWITCHETTE 


All Rated 10A-230 VAC 





¢ Resistors 
« Co-ax Connectors 
* Micro Switches, Toggles 
¢ Electronic Assemblies 





Type# 
2M03.1A 
ACZ101BB8 
APB236 
APG210 
B-1 
B-1T 
B-14 
B-R 
B-RL18 
B-RS36 
BD-RL32 
BZRQ41 
BZ-R37 
BZE7RQT2 
BZ-7RST 
BZE2RQ9TNI1 
CUM 24155 
D 
D in case 
ES692070 
G-R26 
G-RL 
G-RL5 
G-RL35 
G-RL43 
G-RS 
G-RS36 
HRO 7.1P2TSP1 
HRO 7.4P2T 
HRRC 7.1A 
HRRO 7.1A 
LN-11 HO3 
MLB 321 
MLR 643 
PS 2000 
RC71P2T 
RO1P2T 
RO2M 
RO2M12T 
R-RS 
R-RS13 
SW-186 
WP3M5 
WPSM3 
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SWITCHES 


Contact 
NO 
SPDT 
SPDT 
NO 
NC 
NC 
NO 
SPOT 
SPDT 
SPDT 
SPDT 
SPDT 
SPDT 
SPDT 
SPOT 
SPOT 
NO 
NO 
NC 
NC 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NC 
NO 
SPDT 
SPOT 
NC 
SPOT 
NC 
NO 
NO 
NO 
NC 
NC 
NC 
NC 

NC 


Stock # 
41SF3 
41SF2 


41SF8 


« Condensers 
¢ Rectifiers 


41SF7 
41SF9 
41SF12 
41SF10 
41SF5 
41SF4 
41SFll 
41SF1 






Fig. 


A 
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Price 
50 
85 
15 
80 
1 45 
90 
1.70 
70 
95 
80 
95 
85 
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Stock # 
41MD53 
41MC27 
41MD48 
41MD33 
41MD16 
41MD43 
41MC15 
41MD36 
41MC24 
41MC23 
41MD54 
41MC9 

41MD57 
41MD31 
41MD19 
41ML3 

41ML2 

41MC21 
41MD37 
41MC5 

41MD4 

41M040 
41MD24 
41MCl 

41MD13 
41MD56 
41MC14 
41M049 
41MD32 
41MC13 
41MD25 
41MC20 
41MD59 
41M020 
41MD42 
41MC2? 
41MD44 
41MD52 
41MC8 

41MD18 
41MD39 
41MC29 
41M026 


Mfr. Type # 
CR1070C103-A3 
CR1070C103-B3 
CR1070C103-C3 
CR1070C103-E3 
CR1070C103-F3 
CR1070C123-B3 
CR1070C 123-C3 
CR1070C123-D3 
CR1070C 123-52 
CR107 C124-M4 
CR1070C128-C3 


Mfr 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
ACRO 
ACRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MICRO 
MU 
ACRO 
MU 
MU 
MICRO 
MU 
MU 


Type + 
WP5M5 
WZ2RST 
WZ2RT 
WZ3PW2 
wZ7R 
WZ7RQIT 
WZ7RQT2 
WZ7RST 
WZE7RQTN 
WZE7RQTN 
WZR8X 
WZR31 
WZR31 
WwZRD 
WZRL8 
WZRQ41 
WZV7RQ9T1 
x757 
XCI1A 
XD45L 
YZ 
YA2RLE4D13 
YZ2YLTC1 
Y22YST 
YZ3R3 
YZ3RLTC2 
YZ3RW2T 
YZ7RQ9TE 
YZ7RST 
YZ7RA6 
YZRQI 
YZRQ4 
YZRQ41 
YZ7RQT 
YZRTX1 
zZ 
Blue Stripe 
Biuve Dot 
Red Dot 
Open Type 
Green Dot 
Green Dot 


MAXSON  Preeision 


Contacts 
N.C 


N.0. 
1-N.0. 1-N.C 
N 


0. 
1-N.O. 1-N.C 
N.0. 
1-N.0. 1-N.C. 
N.C 


SPOT 
SPDT 


Order Direct or Through Your Local Parts Jobber. 


833 W. CHICAGO AVE. 


Contact 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
SPOT 
NO 
NO 
SPDT 
SPOT 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
nO 
NO 
NO 
NC 
SPDT 
SPOT 
NC 
SPOT 
NO 
NO 
SPOT 


« Relays 
« Chokes 
. Accessories 
Dial Light Assemblies 


Terminals 
DE 


Fig. 
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WIDE SELECTION OF ELECTRONIC COMPONENTS AT WELLS 
Wire and Cable 
¢ Transformers: 

Antennas 


DEPT. M, CHICAGO 22, ILL. 
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Price 


50 
55 
65 
80 
55 
70 
70 
55 
45 
15 
80 
65 
70 
55 
70 
65 


oe 


225 


55 
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PROTECT ED . 
CHACE BIME VAN 


Product of 


Stewart-Warner Corp. 
Indianapolis, Ind. 


which assure good performance of our ordnance vehicles even in 
Aleutian frigidity might be completely nullified by the frailty of the 
human system. In a word, a frozen trucker can't turn a switch. But 
Stewart-Warner's South Wind Model 978 puts an end to this hazard 
with this compact, light weight heating unit designed to produce a 
maximum heat output of 20,000 BTU per hour. Naturally, it accom- 
plishes this quickly, with utmost serviceability and, of course, safety. 

Speaking of safety, Chace Thermostatic Bimetal plays an important 
part in the safety requirements for such a combustion type heater. 
The bimetal blade (A) is placed so that the ventilating air flowing 
between the heater case (B) and heat exchanger (C) also passes over 
the bimetal. If the ambient temperature, the temperature of the ven- 
tilating air, exceeds 250 degrees, the bimetal element deflects upward 
and breaks the circuit. As the contact (D) is broken, the shut-off solenoid 
of the fuel control valve stops the flow of fuel until the cause of the 
over-heating is removed or corrected. 

Stewart-Warner fabricates this simple element from one of the 
29 types available in strips, random length coils or completely fabricated 
elements. For a complete treatise on the selection and design of elements 
for your temperature actuated devices, ask for our 64-page booklet. 
But before you proceed with actual design or tooling, consult the 
Chace Application Engineers. 


W.M. CHACE CO. 
Theunortalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 


the Eureka Williams Corporation. He 
was formerly responsible for statistical 


quality control of the Caterpillar Trac- 
tor Co. 


Company Briefs 


Reeves Pulley Co. has establishped an 
assembly plant and sales and engineering 
offices in San Francisco, with similar 
offices in Los Angeles. 


Applied Research Laboratories, makers 
of spectrochemical equipment, have oc- 
cupied their new plant at 4336 San Fer- 
nando Rd., Glendale, Calif. 


Electric Storage Battery Co., manufac- 
turer of Exide batteries, now has its gen- 
eral offices at 15th and Chestnut Sts. in 
Philadelphia. 


J. Schwartzman Co., North Hollywood, 
Calif., makers of machine screws and 
bolts, recently purchased the Pacific Bolt 
Corp., Los Angeles. 


Establishment of a technical division 
and operating division in the Knolls 
Atomic Power Laboratory near Schenec- 
tady, N. Y., has been announced by Gen- 
eral Electric Co., which operates the lab- 
oratory for the AEC. 


Universal Motor Co., Oshkosh, Wis., 
manufacturer of electric power plant, has 
scheduled an extensive addition to its 
factory to be ready this fall. 


General Radio Co. is starting construc- 
tion of a new plant in Concord, Mass. 
The building will contain 72,000 sq ft, 
enough for 200 employees. 


Operadio Manufacturing Co., St. 
Charles, Ill., has changed its name to 
Dukane Corp. The company has been 
making audio equipment under the latter 
brand. 


Fish-Schurman Corp., maker of optical 
parts and scientific instruments, has 
moved to 70 Portman Rd., New Rochelle, 
N. Y. 


Groov-Pin Corp. is now located in a 
40,000 sq ft building at 1119 Hendricks 
Causeway, Ridgefield, N. J. Line of fas- 
tening devices is company product. 


Occupation of a new plant at 946 
North Ave., Des Plaines, Ill., has been 
completed by Electro-Seal Corp., pro- 
ducers of hermetic seals for electrical and 
mechanical devices. 


The new plant of the Barnes-Gibson- 
Raymond division of Associated Spring 
Corp. is scheduled to open in September. 


A new $250,000 addition to its rubber 


research laboratories was recently dedi- 
cated by E. I. du Pont de Nemours & Co. 
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The unique principles em- 

ployed in the MIKRO- 
COLLECTOR enable dust recovery 
(up to 99.999% ) and phenomenal 
filter rates. Pulverizing Machinery 
Company, Summit, New Jersey, the 
manufacturer, states that American 
Felt’s wool felt has been found to be 
a superior filter medium, permit- 
ting the easy handling of damp or 
dry, light or heavy dust-loaded air 
streams. With the Hersey travelling 
reverse-jet principle uniform filter 
resistance is maintained, thus as- 
suring uniform air flow. Used in the 
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handling and recovery of a wide 
range of dusts and powders, the 
MIKRO-COLLECTOR serves to 
eliminate atmospheric pollution, as 
well as providing full recovery of 
a valuable product. Dangerous or 
noxious dusts and minute size dust 
particles are easily handled. Instal- 
lations for the handling of ultra-fine 
radioactive dusts during the past 
year have a combined capacity of 
more than 100,000 cfm. The 
MIKRO-COLLECTOR is manu- 
factured with single and multiple 
filter cylinders of varying diameters 
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MIKRO-COLLECTOR 


comprising 48 filter-cylinders 
of felt (A) and travelling 
reverse-jet ring (B). Manu- 
factured under patent license 
from H. J. Hersey, Jr. 





and lengths to meet every 
requirement. 


American Felt 


oO 


GENERAL OFFICES: 16 GLENVILLE ROAD, GLEN- 
VILLE, CONN. — ENGINEERING AND RESEARCH 
LABORATORIES: Glenville, Conn.— PLANTS: Glen- 
ville, Conn.; Franklin, Mass., Newburgh, N. Y ; 
Detroit, Mich.; Westerly, R. 1. — SALES OFFICES: 
New York, Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Lovis, Atlanta, Dallas, 
San Francisco, Los Angeles, Portiand, Seattle, Montreol 
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RELAYS 


“as specifie ad 


Because all Leach Relays are quality 
engineered for dependable duty... 
they are specified first by leading 
manufacturers of industrial equip- 
ment of all types. If your equipment 
demands relays that are first and 
foremost, more dependable and 
longer lasting, specify Leach Relays 
...they’re more dependable... per- 
formance proves it. Whatever your 
relay control problem... it’s a chal- 
lenge to Leach. Iustrated are but a 
few of the wide selection Leach 
provides industry, as standard 
equipment. 





at Deepwater Point, N. J. Emphasis will 
be on development of new and improved 
latex products derived from neoprene. 


Universal Metal Products, Inc., has 
moved to its new plant in Wickliffe, Ohio, 
near Cleveland. 


A factory of 36,000 sq ft has been 
completed in Los Angeles for the Norris- 
Thermador Corp. 


Sylvania Electric Products Inc., has 
organized a subsidiary, Sylvania Electric 
of Puerto Rico, to fabricate mica for use 
in electron tubes. A 10,000-sq ft plant 
near San Juan will be used. 


Purchase of the Coolerator Co. of Du- 
luth, Minn., has been effected by Interna- 
tional Telephone and Telegraph Corp. 
The firm makes refrigerators, freezers 
and electric ranges. 


Industrial Plastics Co. has moved to a 
larger plant of over 30,000 sq ft at 1829 
S. 55th Ave., Chicago 50. 


Turco Products, Inc., Los Angeles 54, 
has been licensed by Dy-Chek Co., Haw- 
thorne, Calif., to manufacture and dis- 
tribute materials for a dye-pentrant 
method of inspection. 


Trade mark “Webcor” used by Web- 
ster-Chicago Corp. on its magnetic tape 
recorder will soon be extended to all 
consumer products made by this firm. 


Norton Company’s grinding machine 
division has started construction of an 
additional factory and office building at 
Worcester, Mass. 


Wiancko Engineering Co., producer of 
electronic equipment, is building a 22,- 
000-sq ft office and manufacturing plant 
in Pasadena, Calif. Estimated cost is 
$176,000. 


The Minnesota Silicone Rubber Co. 
has gone into production at its new plant 
in Minneapolis. An affiliate of the Minne- 
sota Rubber & Gasket Co., the company 
will produce only molded silicone rubber 
parts. 


B. F. Goodrich Chemical Co. will con- 
struct a $5,000,000 plant in Calvert City, 
Ky., on a tract of 175 acres. First pro- 
duction will be vinyl chloride monomer 
for Geon resins. 


Bibliographies 


RELAYS SHOWN ABOVE CAN BE SUPPLIED WITH VARIOUS 
CONTACT ARRANGEMENTS. WRITE FOR DETAILS. 


As advances and developments take 
BETTER CONTROLS THROUGH BETTER RELAYS 


place on problems of electrical product 
design, feature articles are presented in 
ELECTRICAL MANUFACTURING. To relate 
ae 3 ee these new developments and new infor- 

Fy mation to what has gone before, bibliog- 

— : raphies of feature articles in earlier issues 
If bs NN GC HAI RY bs tN Awe G ©) | on the same subject have been prepared. 
+ Each reference listed is accompanied by 

a brief annotation to indicate the scope 


S915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA | _ Subject and treatment. In addition to the 


.” et ak bibliography of 19 annotated references 
Representatives in Principal Cities of U. S. and Canada on Electrical Control of Motor Speed on 
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Every DAY it’s more and more evident that even a little steel may keep a big plant’s production 
line going in a pinch until the next big shipment arrives. 

If you have CMP orders for steel and can use our superior hot rolled products we may be able 
to schedule limited steel tonnage for you to help you keep going at full blast. 


Please remember, we said —“‘we may be able to help”... Tell us your minimum requirements 
and we'll let you know promptly if we can assist you. 


: f Silicon (Electrical Sheets) 
Superior Hot Rolled Acid Pickled 
specializes < Galvanized 
‘ | Galvannealed 
in: a Long Terne 


Mill Limits 6 to 30 gauge * Widths up to 48”— Lengths up to 144” 


Superior Sheet Steel ~ 


DIVISION 






THE PARKERSBURG STEEL COMPANY 
Louisville, Ohio 






Look to Superior 
for Superior Quality 
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first again with 


TEFLON 


HERMETICALLY 


SEALED T0 METALS 


Vacuum-tight TERMI- 
NALS and FEED-THROUGH 
INSULATORS 


Moisture -impervious 
PRINTED CIRCUITS 


for Electrical character- 
istics ranging from insula- 
tor to semi-conductor to 
low resistance conductor 
in the same unit. 


for Metal Faced Teflon 
sheets, bars, cylinders and 
certain fabricated parts 
for particular problems. 


te ee 
ee 
GASKET 


COMPANY 


(Patents Pending) 


SOLDER SEAL 
METAL PLATING 
METAL BEARING TEFLON 
PURE TEFLON 
METAL BEARING TEFLON 


METAL PLATING 
SOLDER SEAL 


a tt ENS 


The fluoro-carbon metal fused seal is a 
true hermetic seal capable of holding a 
vacuum for sustained periods. It is recom- 
mended where severe service conditions 
are encountered—vibration, shock, high 
and low ambient temperatures, thermal 
shock, extreme climatic conditions. 


Because Teflon is being allocated by the 
Government, only those problems which 
bear National Production Authority Sanc- 
tion can be considered at this time. 


For further information, write. 


page 252 of this issue, the following two 
bibliographies have also been prepared 
recently. 


Product Finishes 


Problems ot surface protection and ap. 
pearance, as an integral part of the design 
of electrical equipment, have been dis- 
cussed from time to time in ELEcTrRicaL 
MANUFACTURING as new information be- 
came available or significant develop. 
ments took place. In addition to the news 
on product finishes each month in New 
Components and Materials, the following 
articles have appeared in recent issues: 
Specifications for Electrodeposited Coat- 

ings, September 1951, page 119. Of 
the large and confusing number of 
plating specifications, most of the 
standards are shown to fall into a fairly 
consistent pattern; kinds and uses for 
plating discussed. 

A Practical Approach to Color in Design, 
July 1951, page 82. Why and how 
color is specified in the design of busi- 
ness machines, appliances, instruments 
and industrial equipment; develop- 
ments in the Armed Services and se- 
lected case histories. 

Finish for Magnesium, June 1951, page 
230. New coating is corrosion resistant, 
electrically insulating and resists abra- 
sion. 

Controlling Color in Product Design, No- 
vember 1950, page 106. Analysis of 
color selection factors, tolerances and 
commercial standards. 


Fundamental Approach to Color in De- 
sign, October 1950, page 104. Basic 
knowledge of the science of color, 
working color systems, methods of spe- 
cification and production control; for 
use in selecting product finishes to 
meet functional as well as styling pur- 
poses. 

Smoothing Plating Process, August 1950, 
page 115. Microthrowing or selective 
deposition of metal in voids offers op- 
portunity to improve the quality of 
plated surfaces. 

Problems in Fungus and Moisture De- 
terioration, March 1950, page 78. 
Analysis of problems faced in electrical 
equipment designed for civilian use 2 
temperate climates; authoritative “how 
to” advice for protection of components 
and equipment, and several case his- 
tories. 


Preventing Fungus Damage, November 
1949, page 89. Mechanism of fungus 
attack on electrical and_ electronic 
equipment, environments promoting at 
tack and effective control measures. 

Vitreous Enamel for Electrical Insulation, 
September 1949, page 80. An analysis 
of the properties that make this mate; 
rial particularly suited to such applica- 
tions as high-voltage bushings and het 
metic seals. 

Specification and Application of Wrinkle 
Finishes, August 1949, page 106. Spe 
cial properties and methods of appli- 
cation for single-cost textured finishes. 
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ADLAKE RELAYS AT WORK—One of a series of advertisements on specific ADLAKE application. 
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circuit of this digester heater and heat exchanger, 
1950, manufactured by Pacific Flush Tank Company, 
octive Chicago. The main function of the equipment is to 
: ; . TWO ADLAKE RELAYS (1040 type shown above) 
rs — = — — smear =~ anaerobic fermen- are used on the Pacific Flush Tank control panel, 
ty — SoWags Giapene: eyesems. where they function in the safety control cir- 
In any application where dependability and mainte- cuit. They are mounted on the back of the panel 
p . nance-free operation are needed, ADLAKE Mercury because of space limitations. 
P “al Relays give top performance. They are designed to 
= . meet the most exacting requirements—their mercury- 
- to-mercury contact prevents burning, pitting and ; 
an sticking, and their mais ae aii Every ADLAKE Relay Gives You These Advantages: 
o against outside vibration or impact. And most im- HERMETICALLY SEALED—dust, dirt, moisture, oxidation and 
one of all, they are hermetically sealed against temperature changes can't interfere with operation. 
embet vat dirt and ee, -_ SILENT AND CHATTERLESS + ABSOLUTELY SAFE 
fungus et the full story on the part ADLAKE Relays can 
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INDUSTRIAL FOREST 


MOSINEE PAPER MILLS CO 
MOSINEE, WIS 


FORESTRY PRACTICES ENDORSED BY 


WISCONSIN CONSERVATION DEPT 


Many Industrial Products Start Here 


Mosinee “fibres that work for industry” 
depend upon a reforestation program 
which not only assures trees for the future 
but protects our forests today. Mosinee 
Industrial Forests, augmented by aid in 
planting waste land, make raw material 
supply secure and ever-growing. From 
seedlings to technically controlled papers, 
MOSINEE safeguards every step in the 
process of making Mosinee Fibres that 


work for industry. 


MOSINEE PAPER MILLS CO., Mosinee, Wis. 


makes fibres work for industry 


| 
| 
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Comparative tests, typical applications, 
colors available. 

Porcelain Enamel Finishes, November 
1948, page 78; December 1948, page 
98. How postwar developments in im- 
proved basemetal, better enamels and 
more effective methods of application 
have reduced cost and widened use on 
electrical appliances; one-coat white 
and colored finishes; design sugges- 
tions, methods and aids in selection. 


Basic Types of Organie Finishes and Ap- 
plication Methods, August 1948, page 
92. New materials combine fast work- 
ing cycles and wide range of perform- 
ance values; data on alkyd, phenolic, 
urea and melamine finishes; new for- 
mulations based on silicone and sty- 
rene resins. 


Electrostatic Spray for Refrigerator 
Doors, August 1948, page 184. Auto- 
matic equipment developed on Norge 
pilot line is placed into production. 


There’s More to Good Finishes than 
Meets the Eye, August 1947, page 89. 
Suitable prefinishing for base metal as- 
sures good adhesion and inhibits cor- 
rosion; application techniques and re- 
sults from solvent degreasers, mechan- 
ical and chemical cleaners, coloring 
compounds and passivating phosphate 
coatings. 


Start Your Color Standardization with the 
Grays, November 1945, page 115. How 
two large electrical manufacturers ar- 
rived at a joint conclusion that four 
standard grays could replace hundreds 
used in industry. 


Porcelain Enamel for Finishing your 
Postwar Products, November 1945, 
page 121. New materials, new design 
methods and new design possibilities; 
standardized test procedures that facili- 
tate selection of the best material and 
method of application. 


And many other articles in earlier is- 
sues. Several of the more recent articles 
in this bibliography were included in the 
ELECTRICAL MANUFACTURING editorial re- 
print program. For a list of those still 
available consult Feature Article Reprints 
on page 202 of this issue, and use the 
postpaid return card in the Reader In- 
quiry Facility on page 183 to secure sin- 
gle copies without charge. 


Designing Electrical 
Contacts 


In a continuing program of bringing 
recent developments in contact materials 
and design assistance on circuit interrup- 
tion problems the following articles have 
appeared in recent issues of ELECTRICAL 
MANUFACTURING: 


Making Electrical Contacts Stand up ® 
Control Service, January 1951, page 
102. Causes for failure analyzed; ad- 
vantage and limitations of contact ma- 
terials tabulated; how to increase con- 
tact life. 


Designing an Air-Break Contactor for 
High Voltage Service, January 1951, 
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How many 
men on 


a surgeon's 


(),, the team we have in mind, more than you can count. And none 
of them is a doctor! 


Were talking about the team that produced this surgical knife blade handle, 
made by the Christy Surgical Company of Cincinnati, and used by surgeons 

throughout the world. Both the surgeons who use it, and Christy who makes it 
have very definite ideas about the properties of the metal from which it’s made. 


Surgeons demand that it be strong, lest it bend or break. The manufacturer 
demands that it be easy to fabricate, machine readily, be easy to finish 
and polish and that its precision blade-slot wear well. 


In the past these handles have been made from brass castings, wrought brass 
and stainless steel. None of these met every requirement. Now they're 
hot-forged from ANaconpaA Nickel Silver. 


We stress the fact that ANACONDA Nickel Silver was chosen because its 
superior forging qualities permit fabrication with progressive dies to the close 
tolerances demanded. 


We should like you to know that, on any product you may make of ANACONDA 
Nickel Silver, Copper or other Copper Alloys, we are as concerned with 
suggesting the best manufacturing procedure as well as helping you develop 
the best product. = 
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® 
ANACONDA. .»:- name to remember in 






For technical assistance of an 
kind, or for a copy of Publication 
B-28 which provides detailed in- 
formation on ANACONDA Metals 
and Metal Products, just write to 
The American Brass Company, 
Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 
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ROTARY 
ET Telly 


SOLVES MANY REMOTE 
CONTROL PROBLEMS 


The many production applications of 
Ledex Rotary Solenoids vary from the 
dependable, snap-action tripping of air- 
borne bomb releases to the actuation of 
rugged, hydraulic valves in heavy duty 
materials handling equipment. 


Five Ledex Rotary Solenoid models 
are manufactured, Diameters range 
from 1 to 3% inches. Predetermined 
rotation up to 95° can be engineered to 
suit your product’s requirements. Start- 
ing torques for 45° stroke range from 
'% pound-inches to 50 pound-inches. 


We supply to quantity users and so- 
licit the opportunity to be of assistance 
in engineering a Ledex Rotary Solenoid 
to meet your product's requirements. 


Magnetic action moves 
the armature along the 
solenoid axis, This ac- 
fion is converted into a 
rotary motion by means 
of. ball bearings on in- 
clined races. 


WRITE 
DIRECT TO 


page 92. Includes problems in selec- 

tion of contact material and contact 

shape. 

How to Use the Oscilloscope as a Design 
Tool, July 1950, page 98. Method for 
testing contact material and designing 
arc suppression circuits. 

Resistance Brazing of Electrical Contacts, 
September 1949, page 124. Advan- 
tages over riveted contacts. 

Preventing Corrosion in Relays, May 
1949, page 116. Arcing at contacts in 
partially sealed relays forms corrosive 
products. 

Contact Resistance Related to Shape, 
July 1948, page 83. Problems in a 
high-voltage disconnect switch. 

Silver May Not Always Be the Best Con- 
tact Material, April 1948, page 121. 
Effect of thermal capacity and oxida- 
tion on contact life. 

Cadmium-Oxide Silver Materials for 
Difficult Contact Jobs, September 
1946, page 106. New powder-metal 
product has low contact resistance and 
low temperature rise; offers advantages 
for both heavy-current and low-current 
applications; performance data _tab- 
ulated. 

How Contact Arcing Can Be Minimized, 
January 1945, page 94. Effect of con- 
tact material and contact design on 
arcing at make and break; basic prob- 
lems in arcing. 

Two of these articles were included in 
the editorial reprint program, but a sup- 
ply is available for only the most recent 
one—the first article in this bibliography. 
To secure copies (as long as the supply 
remains) use the Reader Inquiry Facility 
on page 183 in this issue. 


For additional bibliographies published 
in earlier issues this year, see ELECTRICAL 
MANUFACTURING for August, page 130. 
These lists include feature articles on 
such subjects as: 


Reliable Electronic Equipment 


Military Research and Design Require- 
ments 


Crystal Rectifiers 

Printed Circuits for Miniaturization 

Military Specifications for Plastics 

Magnetic Recording in Product Design 

Application Data on Servomechanisms 

Magnetic Amplifiers for Control Appli- 
cations 

Motor Temperature Ratings 

Earlier Articles on Servomechanisms 

Machinery Wiring 

Variable-Speed Drives 

Properties of Conducting Materials 

Electronic Components 

Standards for Electric Motors 

Electrical Insulation 


See also the bibliography of 19 anno- 
tated references on “Electronic Control of 
Motor Speed” on page 252 in this issue. 


Aa 
pring Loaded 
Feta 


with concealed spring 


Meets U. S. Signal Corps 
Specifications 


This new Corbin Compres- 
sion Spring Draw Pull 
Catch has a concealed 
spring, flush surface, no 
protruding parts. 60 pound 
load at % inch deflection. 
Withstands 600 pound pull 
test. Overall dimensions 
are 2% x l%x %. 

For full details on this 
and other Corbin Draw Pull 
Catches, write or phone: 


CORBIN 


CORBIN 
CABINET LOCK 


DIVISION 


THE AMERICAN HARDWARE CORP. 
NEW BRITAIN, CONN. 
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Machine with a 


POWERHOUSE 
a Hd 


In one mighty blow, this giant 850-ton, double-action, 
deep-drawing Verson Allsteel press forms an intricate 
automobile part. 





























Multiply this by seven strokes a minute, 3 shifts a 
day, seven days a week and you have a rugged oper- 
ating schedule . . . one which the Howell motors that 
power this fine press take right in stride. 


Howell engineers worked closely with this manu- 
facturer to select the right motor for each job. The 
main drive motor is a Howell 50 H.P. high slip, high 
torque motor designed specially for punch press work. 
The self-adjusting blankholder is driven by a hydrau- 
lic pump, powered by a 50 H.P. Howell motor. A 20 
H.P. Howell motor operates another hydraulic drive. 


Howell will devote the same care and attention to 
your electric motor problems and needs. With this 
cooperation and Howell quality, you’re assured of 
motors that will stand up under the heaviest produc- 
tion load over long periods without interruption. 


May we help you? 


HOWELL ELECTRIC MOTORS COMPANY 
Howell, Michigan 


OwWELL 
Red Band 


MOTORS 











Howell Type F Motor. A high slip, 
high torque motor designed for punch- 
ing and shearing operations. Sizes 12 to 
200 H.P. in open frames; 4% to 125 H.P. 
in enclosed frames. 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 






Precision-built industrial motors since 1915 
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LITTLE RELAY OUSTS 
BIG STARTER 


and saves customer 
both space and money 


An ice cream freezer manufacturer* was perfectly con- 
tent with the across-the-line starters used in his equipment. 

But we got the idea of saving him some room and 
dollars by substituting Ward Leonard heavy-duty midget 
relays. 

It’s a really rugged relay, and certain types are Under- 
writers’ listed as motor controllers. Months of testing 
proved that a standard Ward Leonard relay with just 
slight changes would do the job of the heavier starter. 

It’s another case of Ward Leonard “Result-Engineering” 
Write us for Bulletin 105 on the heavy-duty midget relay, 
or for any control problem, write WARD LEONARD ELEC- 
TRIC CO. 34South Street, Mount Vernon, N. Y. Offices in 
principal cities of U. S. and Canada. 


*Sweden Freezer Manufacturing Company, Seattle, Washington. 
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Applying Magnetic Amplifiers—IV 
(Continued from page 97) 


needed in applying them. The control ampere-turns 
formula assumes pure d-c for the signal. Either pure 
d-c or ordinary rectified d-c will give about the same 
performance. Since the instantaneous flux density in the 
core when the a-c supply starts a positive alternation 
determines the output, narrow pulses of d-c are less 
effective than is indicated by their average value, par- 
ticularly in the direction of negative control. 

Since the amplifier is a magnetic device, a change in 
supply voltage is reflected in the load current. If the 
supply voltage is raised, the exciting current increases, 
raising the minimum output. At the same time the 
saturation output current is raised. Lowering the 
voltage has the opposite effect. 

As in any magnetic core device, the core loss in- 


Table VII—Typical 60-cycle Values of Power 
Gain per Cycle of Self-Saturating Magnetic 
Amplifiers 


Ratings 


(Watts) 


| Range of 
Core Material | 





| 
Butt-jointed cold-rolled | 
oriented silicon steel | 60—10,000 
Gapless 50% nickel lam- 
inations 
Gapless 80% nickel lam- 
inations 


600-4500 
0.5-1200 | 2100-42,000 35-700 


| 0.1-10.0 | 3500-35,000 60-600 





creases with the frequency. This means that thinner 
laminations or reduced flux densities or both must be 
used as the supply frequency increases. At the higher 
frequencies, and with a large number of turns in the 
control winding, the harmonic voltages in the latter 
may introduce a problem, which generally can be over- 
come by circulating the harmonic currents in a capacitor 
connected across the winding. 

Selecting a self-saturating magnetic amplifier for a 
duty cycle is done on the same basis as for other elec- 
trical equipment. The usual limitations are the rectifier 
components, which have a shorter thermal time constant 
than the reactor components. Short time, non-cycli¢ 
overloads, such as field forcing in a regulator, can gen- 
erally be handled with no trouble. In order to provide 
forcing, however, the amplifier must have a larger 
rating than would be needed if it could work into rated 
load. 

At higher than normal ambient temperatures, dry 
plate rectifiers must be derated in order to obtain equiva- 
lent life. Derating information is available from rectifier 
manutacturers. 

Because of considerations of efficiency, power factor 
and losses, the transformer used for supplying a self 
saturating magnetic amplifier must have a somewhat 
higher voltampere rating than the amplifier rating. 
For the single-phase bridge circuit, the efficiency 1 
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Table VIII—Typical K,/T Values for 1 Cycle 
and 3 Cycle Response 







1 cycle | 3 cycle 
Core Material response response 
eee . ANDBOOK 
| 1 eS 
Butt-jointed oriented silicon steel | 10 | 100 of 
Gapless 50% nickel laminations 50 500 rey" at na ORS 
Gapless 80% nickel laminations 100 | 1000 %, 






about 50 per cent, as is the power factor, so that the 
transformer rating must be about four times the ampli- 
fier d-c rating. With the doubler circuit, the ratio is about 
two in small sizes, diminishing to 1.25 for larger ratings. 


Overall Performance 


























Certain performance characteristics of magnetic am- 
plifiers are general enough to be useful for estimating 
and system planning before beginning detail design. 
These are: 
Power gain per cycle (Table VII) 
Power gain for 1 cycle response 
Power gain for 3 cycle response 
Relative control and gain per cycle of core materials 
Relative power output of core materials. 7 
The typical values of K, T shown in Fig. 41 versus ea 
rating show the increase of the factor with increased size _ | & 
and rating. It has been indicated that K, T values 
apply to slow transients where the control circuit time | 
constant is considerably larger than the residual delay. WHAT DO Ad aheeahe dal 
For l-cycle response and often for 3-cycle response, a 
quick estimate based on Table VIII will give a more KNOW ABOUT RESISTORS? 
accurate value. 
Often the designer wishes to make a rough estimate 
of what a better value of K, T obtained by going to a 


better core material will cost him in size and weight. This new Ward Leonard handbook 

















f Rating vs weight curves are shown in Figs. 42 and 43. 

e Since many different types of reactor construction illuminates a hitherto neglected subject 

er are employed (mounting brackets, potting in an en- 

¥ closure, with leads or terminal blocks) and many differ- Somehow—resistors, particularly power resistors, have 

of ent circuit configurations are possible, no attempt will never been given adequate attention in electrical industry 

e be made to present curves of reactor size vs power literature. 

of output. In the place of such a curve, the following ratios Now Ward Leonard engineers have filled in the gap 
with the new Handbook of Power Resistors—nearly 200 

4 pages packed with everyday, useful information on re- 

C- sistor types, characteristics, criteria for selection, other 

ef helpful data. 

nt Example: For the 99 out of 100 applications where 

lic catalog ratings do not apply, derating curves are furnished 

n- to help you select the proper resistor for each case. 

de This handbook is modestly priced at $3.00. Order 

rer from WARD LEONARD ELECTRIC CO., 34 South Street, 

il Mount Vernon, N. Y. Offices in principal cities of U. S. 

and Canada. 

iry 
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Fig. 44—Principal components of a self-saturating mag- 
, is 


netic amplifier with core structure of gapless laminations. 
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Fig. 45—Principal components of a self-saturating mag- 
netic amplifier utilizing ““U” lamination reactor core. 


are provided for approximating differences in size of 
60-cycle self-saturating amplifiers with reactors having 
the same window-iron area product. (inches *) 


Power output butt-joint oriented silicon steel 


Power output 80% nickel alloy 


Power output 50% nickel alloy gapless 
Power output 80% nickel alloy gapless 
Power output butt-joint oriented silicon steel 
Power output 50% nickel alloy gapless 


When considered on an equal-weight basis, such as for 
example a 10-lb reactor, the following approximate ratios 
of power output for the various core materials apply to 
60-cycle self-saturating units : 


Power output butt-joint oriented stlicon steel 
Power output 80% nickel alloy 


Se 


Power output 50% nickel alloy gapless 


Power output 80% nickel alloy gapless 


Power output butt-joint oriented silicon steel 


Power output 50% nickel alloy gapless 


ss te 


Fig. 44 shows the appearance of the principal com- 
ponents of a self-saturating magnetic amplifier. This 
particular unit uses reactor cores made of gapless, 


Fig. 46—Principal components of a self-saturating mag- 
netic amplifier utilizing butt-jointed grain-oriented reactor 
core structure. 
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when SELETRON 
selenium rectifiers 
are ‘at the controls’ 
for variable speed 


D.C. motor operation 





phive 





ABOVE: Compact speed control built j _— <i 
by General Radio Co., Cambridge, £ | 
Mass. for applications requiring up 
to approx. 1/15 H.P. output. Employs 
Seletron miniatures. 





4 Sel 


Whitt 









RIGHT: Internal grinder produced by 
Bryant Chucking Grinder Co., Spring- 
field, Vt., equipped with % H.P. D.C. 
motor. Seletron power stacks, suit- 
able for operation on standard A.C. 
current are incorporated into design 
of machine. 


Val 















Seletron makes them ALL... Large, Medium and Small! 


There is a dependable SELETRON selenium rectifier for economical con- 
version of alternating current to D.C. for all requirements. SELETRON 
rectifiers have proved their efficiency and adaptability through the years 
in a wide range of industrial applications and electronic circuits. 


Let SELETRON engineers help solve your rectification problems as they 
have for so many other ranking companies. Write now! Make sure to 
request a copy of our comprehensive bulletin No. 104-C-9. 





bank power supply and regenerative SELETRON DIVISION 


braki i loying Sele- 
ene RADIO RECEPTOR COMPANY, Inc. 
g- se by Ther Electric & Machine RP Since 1922 in Radio and Electronics 


or 





Sales Dept: 251 West 19th St., New York 11, N.Y. Factory: 84 North 9th St., Brooklyn 11, N. ¥. 
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PROVIDE DELAYS 
RANGING FROM 
1 TO 120 SECONDS 


Features: — Compensated for ambient 
temperature changes from —40° to 110° F 
. . - Hermetically sealed; not affected by 
altitude, moisture or other climate changes 
. - » Explosion-proof . . . Octal radio base 
. .. Compact, light, rugged, inexpensive . . . 
Circuits available: SPST Normally Open; 

SPST Normally Closed. 
PROBLEM? Send for “Special Problem Sheet” 


o” 
* o* 
“|.” Amperite REGULATORS are the simplest, 
. lightest, cheapest, and most compact method 
oe obtaining current or voltage regulation 
. . . For currents of .060 to 6 Amps... . 
Hermetically sealed; not affected by altitude, 
ambient temperature, humidity. 
Write for 4-page Illustrated Bulletin. 


FA mperite CO., inc,, 561 Broadway, New York 12, N.Y 


High Frequency 
Electronic Heating 
Machine Operates 

Continuously at 
Maximum Output 


square laminations, which after winding, are assembled 
in the can and potted. Since there is no air gap in the 
core structure, full advantage can be taken of high- 
permeability core material, and therefore these units 
have the highest K, T. 

Fig. 45 shows the appearance of the principal com- 
ponents for a second type of self-saturating magnetic 
amplifier. The reactor uses “U” laminations with a 


Reprints Being Prepared 


(ome reprint of this article and the preceding 
part in the August issue will be prepared shortly 
after publication, and announced in the October issue. 
Readers may reserve copies by addressing a company 
letterhead request to 
John A. Campbell, Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20. 
Copies so reserved will be mailed as soon as the reprint 
is received from the printer about September 20. 
Combined reprint of the first two articles in this series 
was announced in the June issue, and the supply is now 
nearly exhausted. Readers requesting the new reprint. 
and needing copies of the first one to complete their files, 
should ask for both reprints promptly. When the initial 


supply has been distributed no more copies will be avail- 
able. 


double width on the yoke of the U so that the air gap 
is minimized by the overlap of each succeeding U in the 
stack. The effective air gap is small, so that the overall 
performance is excellent, almost as good as that of the 
gapless reactor structure. 

Fig. 46 shows the principal components of a self- 
saturating magnetic amplifier which uses a reactor 
core made of butt-jointed grain-oriented silicon steel. 
Here the effective air gap is larger than for the other 
types of reactor construction, and therefore the per- 
formance is not as good, although still many times better 
than that of a simple reactor. ooo 


Testing Motor Insulation 
(Continued from page 129) 


A 1500 watt induction heater, 

built up to a standard, not down 

to a price. Quality components 

-, and construction prevent expen- 

|| sive breakdowns, allow contin- 

fy uous operation. We invite com- 

| parative tests with other in- 
duction heaters. 


= EWS| 


model available 
as a pre-form heater. 


Because the sections are distributed differently in the 
slots for various motors (a result of the method oi 
winding), there is a variance in induction coupling that 
prohibits a good comparison using this test alone. Such 
windings, while not faulty, will cause a divergence ol 
traces because the test stator is not identical to the 
standard stators. To provide a truer check for faults, 
each section is tested individually and an a-c voltage 
is placed between the sections as a separate test. By 
pressing a series of pushbuttons, the operator tests 
each individual winding for grounds, opens, short 
circuits, reversed coils, polarity and short circuits be- 
tween windings. This ascertains that the motor is con- 
nected correctly, and that the insulation is sufficient to 


This machine now available in various sizes. 
Write for more information. 


LEWIS MACHINE COMPANY 


892 NEWCOMB STREET ° ST. PAUL 6, MINNESOTA 
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FOR HEAVY-DUTY PERFORMANCE 
: SPECIFY CNAP-LOCK 


TRADE MARK 

















The Limit Switch That’s Five Ways Safer 


Precision, positive action and dependability under the extremes of 
heavy-duty service—that’s the performance plus you can expect from 
every National Acme Snap-Lock Limit Switch. Here are the exclusive 
design and construction features that give this added performance, 


added safety: 


1, SNAP make and break (fast acting—accurate) 

2. Pure silver self-wiping contacts (no arcing) 

3. Positive on or off locking (can't stop on dead center) 

4, Separate sealed electrical and mechanical side (for added safety) 


5, Hardened steel moving parts (for greater strength, longer life) 


Snap-Lock Limit Switches are built in a variety of types and sizes to 
suit every industrial application: special mountings are available. 
May we show you how they can be designed into your product? 
ap 
he 
all 
he 


‘or 
el. 


er 
ter 
Be 





MASONS ACRE 


NATCO — ANOTHER PROOF 


This Two-Way NATCO drilling and tapping machine uses seven 
Namco Type 16D 1200-2 Snap-Lock Limit-Switches. Snap-Lock is 
the only limit switch made by a machine tool builder, for the kind 
of punishment machine tool service dishes out—and over 80% of the 
nation’s machine tool builders use Snap-Lock. 


The complete range of Namco 
standard Snap-Lock Limit 
Switches is illustrated and 
tabulated in Bulletin EM-50. 
Ask for your copy. 


Its, : 
a ume. Gridley Bar and Chuckin 
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@ HEAT RESISTANT 


@ SUPERIOR ARC 
RESISTANCE 


@ NON-TRACKING 


@ DIMENSIONALLY 
STABLE 


@ NO COLD FLOW 
@ ACCURATE 

@ METAL INSERTS 
@ COMPLEX SHAPES 
@ MACHINABLE 

@ COLORS AVAILABLE 
@ OIL RESISTANT 


“EXACTING” 
SPECIFICATION 


ROSITE 


COLD MOLDED 


Because it can be molded in intricate 
shapes to close dimensional tolerances and 
possesses desirable characteristics inherent 
in a stone-like material, ROSITE has 
proved to be a better, more economical 
answer for many molded parts. 


If you need high temperature resistance 

. high dielectric strength... non- 
carbonizing, “non-tracking” electrical char- 
acteristics .. . dimensional stability under 
heat changes . .. metal inserts... high 
moisture resistance, investigate ROSITE. 
Now used by many leading manufacturers, 
ROSITE moldings are produced in a wide 
variety of sizes and shapes. 


Rostone Corporation offers a complete 
service: (1) ROSITE moldings using 
compounds* formulated to meet user’s 
requirements; (2) Die design engineering; 
(3) Custom molding of parts to meet pro- 
duction schedules, Inquiries are invited. 


*Inorganic and organic 


For detailed information, 
ask for Bulletin 100 


A Product of 


ROSTONE CORPORATION 
Engineers and Custom Molders 


123 S. EARL AVENUE @ 
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LAFAYETTE, IND. 


withstand many times normal voltage before it is im- 
pregnated. 

For aircraft apparatus, the surge tester is used in 
checking insulation on control coils, alternators, and d-c 
generators. Since space and weight are at a premium, 


Fig. 4—When the main winding is grounded, oscilloscope 
trace is as shown at C (left). In trace D (right), the 
main winding is shorted to the auxiliary winding. 


a number of sharp bends are made in large wire for this 
type of apparatus. Such bends weaken insulation. The 
insulation must be as thin as practicable to obtain the 
greatest output from a given space and weight. and 
consequently, it must be free from defects. 

On one 300-amp generator the shunt and interpole 
coils are checked after each stage of assembly. Coils 
are wound and tested first as coils alone. These coils 
have relatively few turns (6 to 10 turns in the inter- 
pole coils) and any breakdown of insulation can be seen 
on the screen of the surge tester during test. By means 
of the tester 1600 volts can be placed across 10 to 
15 turns. The coils are then placed on the poles and 
connected together for a second check; and _ finally, 
after all connections are made and the load buss is 
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Fig. 5—Direction of rotation is also shown. With rotation 
correct and no reversed coils the trace is at E, left; 
F, right, shows rotation reversed. 


brought out for external connections, another check 1s 
made. If there are any faults in the final apparatus, a 
set of pick-up coils determines which coil is defective. 

Because the surge test is a comparison test, there 
are many variables coming within manufacturing tol- 
erances that show up on the screen. Allowable varia- 
tions become a matter of operator experience. Figs. 3, 4 
and 5 show a number of faults as viewed on the surge 
tester. From the type of trace shown on the oscilloscope 
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Here is a new and improved Stator Compound that 


entirely eliminates the disadvantages of former types. 


BORTHIG 629-A RED STATOR COMPOUND is easily 
applied with trowel or hand and smooths out to an 
even, impervious surface, completely enclosing the 
winding with an absolute seal which effectively resists 


water, oil, lint, abrasive dust, metal filings and all 


BORTHIG 629-A RED STATOR COMPOUND is 
specially effective in keeping loom motors lint-free 
and in protecting dye house motors. Interestingly, 
BORTHIG 629-A was originally developed for one 
of the leading manufacturers of textile motors. 
Here is the solid result of our slogan. . . 


Solued problems are another 


hroduct we deliver 
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ortheg 2 Yeu aud Improved 
629-A RED STATOR COMPOUND 


elements of tough service conditions. It provides an 
easily cleaned surface that is not brittle and will not 
crack. BORTHIG 629-A has excellent electrical prop- 
erties and the heat dissipation is above average for 
this type of material. In addition to its extremely long 
service life under the toughest conditions, BORTHIG 
629-A is specially formulated to have extraordinarily 


long storage life. 


"GEORGE C. BORTHIG CO., IN 
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an experienced operator can determine when a fault is 
present, and identify the type of fault. This information 
can then be passed along to the repair operation to 
reduce rework time. ooo 








Development of a 
Low-Cost Electronic Drive 
(Continued from page 127) 





in 5 per cent of the rated value of 2.5 volts. Since the 
unit is rated to operate satisfactorily with a 10 per cent 
differential from the rated voltage of 220 volts, a tap 
switch is provided in the primary of auxiliary trans- 
former T1 to compensate for line voltage variations. 
This new variable-speed V*S unit is expected to 
™ satisfy a whole host of new applications for a smaller, 
less expensive, all-electronic variable-voltage type of 
adjustable-speed motor drive to operate on alternating 
current, especially since its design makes it readily 
adaptable for application to existing machines as well 
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guiding principle at Soreng is 
How good can it be? 


In the design, engineering and 
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This is your assurance that every Soreng 
component—solenoid, switch, terminal nl 
or other electrical specialty—is 
the finest of its kind today... 


and will continue to be tomorrow. 
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GRC goes right to work from your prints 


GRC avoids delays—no waiting for prefabricated materials 











COMPARE! COMPARE! “GRC helps you meet delivery schedules 
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When it comes to turning out really small parts speedily 
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CUP GEAR 
Originally a 
3-piece as- 
sembly, 


and economically—Gries has a weaith of experience 
in meeting both civilian and military requirements. 






Gries‘ exclusive production facilities make simple or in- 
tricate parts in 1 automatic operation—completely trim- 
med, ready for use, from 100,000 pieces to many 
millions. 
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aa TODAY —Find out how GRC can help YOU! Max. Wt. Y2 07. 
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as for original equipment. Equipment already incorpor- 
ating the drive includes printing presses, paper winders, 
slitters, folders, bag machines, food and chemical mixers, 
conveyors, bottling machines, packaging machinery, 
cloth-batching units, variable-flow pumps and centri- 
fuges, machine tools, and drilling, grinding, buffing and 
polishing machines. 









































If your export shipping require- 
ments call for corrugated con- 
tainers made of V-Board or 
W-Board .. you will want com- 
plete data on Stone’s W eather- 









































Check with a Stone Container proof Corrugated Containers 
Engineer for complete details, —built to meet unqualifiedly 
samples and prices. all government specifications. 











For domestic shipping, you'll 
want Stone’s LLLB Containers 
built to conform to government 
specifications! 

Since 1926 we have served 
industry's needs for corrugated 
cartons. 


CONTAINER CORPORATION 


GENERAL OFFICES: 4200 W. 42nd Place, Chicago 34, Ill. 
SALES OFFICES AND PLANTS: Chicago, Iil.; Mansfield, Ohio; Philodelphia, Po. 
MILLS: Franklin, Ohio; Coshocton, Ohio; Mobile, Ala. (Affil.) 





























HUDSON RADIO & TELEVISION CORP. 


Formerly Newark Electric Co., inc. (Of New York) 
Authorized Distributor of All Standard Electronic Equipment 


ALWAYS HAS A COMPLETE STOCK OF 
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Hermetically-Sealed 
TRANSFORMERS 
and 


Filter Reactors 
that meet the full 


requirements of Hi S a7 


THE COMPLETE TRANSFORMER LINE THAT MEETS 
MILITARY SPECS. . - for Power, Bias, Filament, Filter, Audio. 


HUDSON 


RADIO & TELEVISION CORP. 






























































Formerly Newark Electric Co., Inc. (of New York) 
Main Office, Store and Warehouse 
48 West 48th St. * New York 19, N.Y. 
Phone: Circle 6-4060 


Downtown Store: 212 Fulton St. « New York 
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In a continuing program of presenting design and ap- 
plication data on electronic control of motor speed, the 
following articles have appeared in ELECTRICAL MANv- 
FACTURING in recent issues: 

Performance of Electronic Drives on Half-Wave Power, 
June 1951, p. 102. Operating characteristics under 
variations in load, voltage and frequency; relation 
between torque producing and heat-producing effects 
of armature current. 

Synchronizing the TV Color Disk, June 1951, p. 142. 
Saturable reactor limits current to split-phase motor. 

Electric Drives With Speed Control—III, Feb. 1951, p. 
94. Common types of adjustable-voltage electronic 
rectifiers are compared in this overall review of drives. 

Precision Motor-Speed Control, Jan. 1951, p. 112. Dif- 
ferential between output of tachometer generator and 
stabilized reference voltage is used to control thyratron 
rectifier output. 

Printing Press Speed Control with Magnetic Amplifier, 
Aug. 1950, p. 83. Firing point of ignitron rectifiers is 
governed by saturable-reactor phase-shift device. 

Contour Follower Servo System, Aug. 1950, p. 116. Basic 
control system uses a phototube scanner to reproduce 
metal parts directly from drawing. 

Designing Amplifiers for Servomechanisms, July 1950. 
p. 88. Electronic control of two-phase servo motors. 
Elementary vs. Schematic Circuit Diagrams, July 1950, 
p. 108. Case history of an electronic speed control 

for a centrifuge drive. 

Synchro Controls Feed Tension, July 1950, p. 116. Out- 
put of tachometer generators compared with synchro 
signal controlled by dancer roll. 

Flexibility in Cycle Control, March 1950, p. 108. Con- 
tains circuit diagram of half-wave electronic rectifier 
for 1/60-hp feed motor. 

Anti-Hunt Servo Amplifier, Feb. 1950, p. 114. Microsen 
d-c amplifier used to control 2-phase 400-cycle servo 
motor. 

Electronic Controls for Safety at High Speed, Jan. 1950, 
p. 66. Saturable reactor used in feedback to control 
acceleration and deceleration of 40,000 rpm _ centri- 
fuge. 

Constant-Speed Winding of Textile Yarn, Sept. 1949, 
p. 84. Involves use of 4%-hp motor operated off a half- 
wave thyratron. 

Adjustable-Speed Drives—Three Control Systems, July 
1949, p. 82. Self-saturating magnetic amplifier is com- 
pared with electronic rectifier and multiple field gen- 
erator. 

Electronic Position Servo System for Industrial Applica- 
tions, March 1949, p. 100. Grid-controlled thyratrons 
energize shading coils of receiving motor. 

Contour Controls on a Car Wheel Boring Mill, Feb. 1949, 
p. 86. Electronic contouring system uses magnetic 
tracing head to control. feed motors. 

Electronic Zero-Speed Control for Machine Drives, 
Aug. 1948, p. 130. Clutch circuit emergized to dis- 

connect drive as motor reaches standstill. 

Torque and Speed Regulation with Electronic Amplidyne, 
July 1948, p. 84. Packaged variable-speed drive using 
electronic field control. 

Electronic Control of Variable-Voltage Drives, Sept. 
1947, p. 82. J. W. Picking analyzes the circuits gf the 
big brother of drive described in present article. 
Many of the more recent of these feature articles 

were included in the ELecTRICAL MANUFACTURING edi- 

torial reprint service, and a few are still available as this 
issue goes to press. Consult the listing under Feature 
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For fast production and fine performanee, 


Allis-Chalmers uses TEMFLEX 105 TUBING 


“Our No. 1 reason for using Temflex 105 Tubing,” says Allis-Chalmers 
Manufacturing Company, “is the way it speeds up our general pur- 
pose motor production in assembling insulation on coil leads, stubs 

and neutral, jumper and lead connections.” 


Of course, that’s just one of the advantages that Allis-Chalmers— 
and so many other world-famous makers of electrical equipment— 


get from using Irvington’s Temflex 105. Temflex 105 also offers such 
outstanding service features as: 


Continuous operation at temperatures up to 105°C. 
Exceptional flexibility down to —40°C. 

High dielectric strength of 1200 vpm. 

Excellent chemical stability. 


This flexible plastic tubing produced by Irvington Varnish & Insu- 
lator Company in all standard colors, is readily identified by the 
continuously printed name on the smooth tubing surface. Be sure 


you identify it by name when you buy! Technical literature is yours oem iy 
for the asking. 


ies3) 


90008008 OOOOH SS OO O080088968088OF 


Send this convenient coupon now 


Irvington 


VARNISH & INSULATOR COMPANY 
Irvington 11, New Jersey 
Plants: El Monte, California Hamilton, Ontario, Canada 


Irvington Varnish & Insulator Company 
6A Argyle Terrace, Irvington 11, N. J. 
Gentlemen: 


Please send me technical literature on TEMFLEX 
105 Tubing. 
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best Source 


FOR 


TORSION SPRINGS 


TORSION 
SPRINGS 


Modesty forbids us to say we're the best in the 
business on Torsions but a lot of our customers 
seem to think so--they give us this business 
year after year. It calls for ingenuity in design, 
precision in production and fast automatic 
equipment to drive costs down—advantages 
you'll find here combined. Try it and see. 


WIRE FORMS 


Design of the part determines most 
economical material. Fast auto- 
matic equipment, modern heat 
treating, finishing, assure quality. 
Special tooling, even special ma- 
chines, devised for long runs. 


EXTENSION SPRINGS 


ends, close tolerances, special 
materials. Problems of corrosion, 
conductivity, economy, may exist. 


! 
! 
‘ Often require odd shapes, “‘fancy”’ 
| 
I 
| It takes a GOOD spring maker. 


ae,| 


GOT A PROBLEM? Our Production Engineers 


are available to help on design, redesign, specifications, 
samples, estimates. Have them work with you! 


Pee eee een 


2100 N. MAJOR AVE. «© CHICAGO 339, ILL. 
Telephone BErkshire 7-6464 


Article Reprints on page 202. Single copies of available 
reprints may be secured without charge by using one of 
the postpaid return cards included in the Reader Inquiry 
Facility on page 183 in this issue. 


Dual-Element Fuses 


for Motor Protection 
(Continued from page 102) 


rating can be exploited if the dual-element fuse is used 


| as the sole protection of the motor, eliminating the 


thermal overload relay entirely. This represents the 
simplest form where the thermal overload protection 
and the short-circuit protection is combined in the 
single fuse case. 

In spite of the increased horsepower rating of fused 
switches with dual-element fuses, the condition frequent- 
ly develops where complete motor protection requires a 
dual-element fuse smaller than the fuse clip size provided 
with the standard switch. To avoid the use of special 
fuses or special switches, fuse reducers are available, 
as shown in Fig. 5. These adapters permit the designer 
to use standard components and, since the reducers 
adapt the switch to standard dual-element fuses of the 
proper size, it assures adequate replacements in the 


| field. Hence, the arrangement relieves the designer of 
| the replacement problem and, if Underwriters’ Labora- 
| tories, Inc., listing is required, it simplifies the test 
_ because standard, listed components can be specified. 


Dual-element fuses, rated at 125 volts or less, are 


_ available in the ordinary Edison plug fuse base or in a 


tamper-resistant, type S fuse. The latter is known as 
the Fustat. Both types are used for the protection of 
fractional-horsepower 110-volt single-phase and 120- 
volt d-c motors. The sizes from *49 to 14 amp are used 
most commonly for motor protection. Time lag is ob- 
tained by the use of a heat coil in conjunction with a 
short-circuiting strip and a low-melting fusible alloy. 
The proper size dual-element plug fuse is screwed into 
the ordinary fuse cutout in the switch to furnish motor 
overload as well as short-circuit protection. 

To prevent the user from replacing the blown fuse 


_ with a larger one, thereby eliminating the overload 


protection, an adapter is screwed into the ordinary 
fuse cutout and automatically locked in place by a pin 


: which digs into the screw shell when the reverse torque 


is applied. The adapter is so designed that only a Fustat 


_ of the proper rating can be screwed into it, thus elimi- 
| nating the danger of over-fusing. 


A receptacle is also available for mounting the Fustat 


directly on the motor. One type, shown in Fig. 6, con- 


sists of an enclosing cover, a cutout designed to take the 
proper size Fustat, and a heat conducting pin at the 
center contact. If the windings reach a dangerous tem- 
perature because of clogged air ducts, high ambient tem- 


| perature, low voltage, or other reasons the heat con- 
| ducted by the pin will soften the fusible alloy at point 


No. 1 permitting the coil spring to pull up the entire 
element and open the circuit. 

Under heavy overloads or locked-rotor current the 
time required to conduct sufficient heat from the wind- 
ings to point No. 1 is too long to prevent damage to the 
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~ push the button... 


Courtesy 

Goss 

Printing 

Press Company 


Fansteel 
ELECTRICAL CONTACTS 


This modern newspaper press is dependent upon the controls which put it 
into action, and the controls are no better than the electrical contacts in 
them. Fansteel is a pioneer in the engineering and manufacturing of electrical 
contacts. Years of experience in metallurgy and electrical engineering, plus 
working in close cooperation with thousands of users of electrical contacts 
have resulted in better electrical contacts by Fansteel. Shown here are just a 
few of the countless designs and compositions of Fansteel Electrical Contacts 


. each to do a particular job better. 


Ask for our booklet You are invited to consult Fansteel engineers on your electrical contact prob- 
“Fansteel Electrical Contacts 


— Engineering Information’ lems. Fansteel Metallurgical Corporation, North Chicago, Illinois, U.S.A. 


FKansteel_. 


AN INDUSTRY ELECTRICAL CONTACTS 


THAT SERVES 


INDUSTRIES AND ELECTRICAL CONTACT ASSEMBLIES 
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Specify “Mack with confi- 
dence for all plastic molding 
requirements. One of the 
original plastic molders, 
Mack experience dates back 
over three decades to the 
beginning of the industry. 
From design to final inspec- 
tion, Mack Molding methods 
are keyed to meet industry’s 
varied needs. Complete ser- 
vice—from blueprint to finish 
— features deliveries to meet 
assembly line schedules. 
Inquiries will receive prompt 
attention; address Mack 
Molding Company, Inc., 
Wayne, New Jersey. 





MOLDED 


EXCELLENCE 


OVER 30 YEARS 
OF MOLDING SERVICE 
TO INDUSTRY 
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Precision 


molded parts 


FROM 3 COMPLETE PLANTS 





motor. But this excessive current flowing through the 
heat coil may cause the fusible alloy at point No. 2 to 
melt or, added to the heat conducted to point No. 1, may 
cause it to reach its melting temperature first. In either 
case the circuit is opened by the spring pulling the short- 
circuiting strip or the entire element away from the 
fixed portions of the device. Under short-circuit condi- 
tions where extremely fast action is required, the 
short-circuiting strip blows at point No. 3 before the 
motor can be injured. 

Since the Fustat must be replaced each time it blows, 
the combination is not generally used on unattended 
motors such as those applied to refrigerators and oil 
burners. Instead, for overload protection, the most com- 
mon practice is to use an automatic thermal reset, built 
directly into the motor, and to use ordinary fuses, dual- 
element fuses, or Fustats in the fused switch for short- 
circuit and additional overload protection. However 
most resets are not designed for use on direct current, 
so, for these applications, the Fustat mounted directly 
on the motor is used most extensively. 


Addenda 


Dual-Element fuses with time lag are made by 
a number of manufacturers: Bussmann Mfg. Co., 
St. Louis, Mo. (Fusetron) ; The Chase-Shawmut Co., 
Newburyport, Mass. (Trion) ; Jefferson Electric Co., 
Bellwood, Ill. (Saf-T-Lag); Kirkman Engineering 
Corp., New York, N. Y. (Thermofuses). 

Fustat tamper-resistant dual-element fuses, plug- 
type S, are supplied by Bussmann Mfg. Co. (Buss 
Fustat) ; The Chase-Shawmut Co. (Shawmut Fustat) ; 
General Electric Co., Bridgeport 2, Conn.; Jefferson 
Electric Co. (Jefferson Fustat) ; Kirkman Er gineer- 
ing Corp. (Kirkman Fustat); Royal Electric Co., 
Inc., Pawtucket, R. I. (Royal Fustat); Union Insu- 
lating Co., Parkersburg, -W. Va. (Parker Fustat). 





Nucleonic Instruments 
(Continued from page 91) 





includes a pair of multiplier phototubes each with its 
own amplifier, feeding a common coincidence circuit. A 
pulse-height discriminator is set to respond only to 
pulses greater than produced by one channel alone. Thus 
coincidence results in an output pulse whereas noise 
does not. Regulated power supplies are required for the 
photomultiplier and amplifier circuits. Channel ampli- 
fiers require a bandwidth of 1 me and coincidence cif- 
cuits must have a resolving time of about 1 microsec for 
counting rates up to 30,000 per min. 

Rate meters employed with many of these instru- 
ments consist of a capacitor with adjustable leakage and 
a vacuum-tube voltmeter to measure the charge. Pulse- 
forming circuits are incorporated in amplifiers feeding 
the rate meter to convert outputs into pulses of com 
trolled height and duration. Polystyrene dielectric 1s 
commonly employed for the capacitor. 

Regulated power supplies are required for the photo 
multiplier and amplifier circuits. Channel amplifiers 
require a bandwidth of 1 me and coincidence circuits 
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Here is one of the extras which 
proves that “All Motors are NOT 
Alike” —this synthetic rubber 
gasket... 


Permanently indexes the 
motor leads 


* Prevents leads from rubbing 
against metal parts 


Prevents water from entering 
motor at conduit box 


For more evidence of the many 
ways in which Reliance Precision- 
Built Motors are made better to 
deliver dependable power longer 
... write for Bulletin B-2101. 


* Fs ME ' eS , j - ia 
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© 1054 Ivanhoe Road, Cleveland — 10, Ohio 
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save time and money with these 


Prevent costly delays in procuring your 
requirements by consulting Bud first. 
These two catalogs illustrate examples 
of over 2,000 different sizes and types 
of Bud electronic components and sheet 
metal products . . . any one of which 
may be just what you need. The high 
quality of Bud products is the result of 
over 23 years of experience. Our engi- 
neering background and production facil- 
ities enable us to meet your specifica- 
tions, give you prompt service and lower 
your costs. Send for catalogs today. 


save with safety! 


All Bud products are precision made 
and guaranteed — they include coils - 
chokes - condensers - connectors - dial 
locks - plugs - jacks - cabinets - chas- 
sis - cases - racks - angles - brackets - 
plates - boxes - panels. 


For special items, send us your blue 
prints for estimates; our engineering 
staff is always available for consultation 
and advice. 


BUD RADIO, INC. 
2118 East 55th Street, Dept. EM-9 
Cleveland 13, Ohio 


Send FREE catalog on: 
[} Electronic Components 
[}] Sheet Metal 


NAME 
ADDRESS 


SOL-REX 


REG. U. S. PAT. OFF. 


Miniature Incandescent Lamps 
for all purposes 


a 
Please inspect this lamp carefully. A tubular 120 volt 
4 watt pilot lamp, ideally suited to signal indicator appli- 
cations, with exceptionally long life; is regularly furnished 
with candelabra screw base. Overall size is: 9/16” dia- 
meter, 1-9/16” length. May also be used as a replace- 


ment for the glow-type lamps, especially where greater 
degrees of illumination are required. 


The lamps illustrated above represent only a few of 
the many we now make for industry. Perhaps one of 
our present lamps may be the answer to your lamp 
problem. If not, perhaps we can develop the lamp you 
need. Won't you consult us on your next job? 

LAMP MANUFACTURERS FOR THE 

ELECTRICAL INDUSTRY SINCE 1911 


HERZOG MINIATURE LAMP WORKS INC. 


12-23 JACKSON AVENUE 
LONG ISLAND CITY 1, N. Y. 


must have a resolving time of about 1 microsec for 
counting rates up to 30,000 per min. 

Rate meters employed with many of these instru- 
ments consist of a capacitor with adjustable leakage 


Scintillation counter made by W. S. McDonald Co., Inc., 

Cambridge, employs a pair of photomultiplier tubes in 

a coincidence circuit to eliminate noise accompanying the 

million-amplification circuit; features are high sensitivety, 

small probes and small sources; for gamma and low- 
energy beta radiation. 


and a vacuum-tube voltmeter to measure the charge. 
Pulse forming circuits are incorporated in amplifiers 
feeding the rate meter to convert outputs into pulses 
of controlled height and duration. Polystyrene dielec- 
tric is commonly employed for the capacitor. 
Scalers—or high-speed electronic counters—employ 
“flip-flop” binary counting circuits and some form of 
built-in time base, usually adjustable. Binary counting 


Mass spectrometer analyzes matter in gaseous form to 

determine the proportions of different isotopes present in 

a sample. This is an assay tool built by Consolidated 

Engineering Corp., Pasadena, for chemical, medical and 
physical research. 


units are often employed for the first three or four 
significant figures with mechanical counters taking 
over for the remainder, Amplifying and power supply 
circuits are often incorporated in the scaler so that the 
connection of a Geiger, proportional or scintillating 
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IS features TET MYSTIK Self-Stik Labels 


the fastest, best hand labels 
you ever used 


‘ ae 
: S” Guaranteed by * 
Good Housekeeping 


nor as Adveanisto wi 


at Home with People 
¥ at Work in Industry 


eer rete 


~~ 
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Beautiful—con take the 
finest color printing. Can be 
die-cut to all shapes and sizes; 
embossed, varnished or ace- 
tate laminated. 


WONT AFFECT IT 


Shes bts io ha Ge 
IT'S SMOOTH... WON'T CRAZE OR CRACK 


et aT a eta c 
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The outstanding qualities of Mystik Self-Stik 
Labels are due to the heavy saturation of 
rubber in the base stock and the strongly 
bonded rubber adhesive, providing strength, 
flexibility, toughness, strong adhesion and 
ease of handling. Let us suggest a Mystik 
Self-Stik Label to solve one of your hand 
labeling problems. Write for full information 
and samples. Chicago Show Printing Co., 
2628 N. Kildare, Chicago 39; 400 Madison 
Ave., New York. 
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Single pole, 
double throw. 


| NMC AO 


When Model F-1's thermostat calls 
for heat, high heat element auto- 
matically cuts in and holds until 
set temperature is reached. On 
reaching set temperature, main 
contacts are automatically broken, 
and low, or holding temperature 
element is cut in to function until 


drop in temperature again calls 
for heat. 


May be used to operate fans in air 
ducts or agitators in tanks, etc., 
where such operations in combi- 
nation with heaters are required. 
Write for Catalog F-1. 


Wiring diagrams shown do not con- 
stitute a warranty against patent in- 
fringement arising from use of circuit 
shown, 


Requires Special 
Terminals 


Wiring Diagram for Two 
independent Heater Ele- 
ments. (With Rise in 
Temp. Circuit Changes 


from Parallel to Series.) , 


Fig. 2 
Requires Special 
Terminals 


L t 


Wiring Diagram for Two 
Heater Elements. With 
Common Lead. (With 
Rise In Temperature, 
Circuit Changes from 
Parallel to Series.) 


Fig. 3 
Standard 


Wiring Diagram for Two 
Circuit Connection. With 
Rise In Temp. Circuit 
Operates from 2 on to 1 
Off, to 2 Off to 1 On. 


In Home and Industry, EVERYTHING'S UNDER CONTROL 


THERMOSTAT DIVISION 
ROBERTSHAW-FULTON CONTROLS COMPANY 


YOUNGWOOD, PENNSYLVANIA 


counter tube makes a complete functional unit. Some 


scalers are designed to accept only one type of tube; 
others have separate channels to accommodate two or 
more types. 

Amplifiers for scalers require regulated d-c voltages, 
with regulation to 0.01 per cent for line voltage varia- 
tions provided in instruments designed for precision 


~Jncident 
light 


O=Photocathode | 
10:=Anode | 
1-9 = Dynodes 


RCA photomultiplier 
tube for scintillation 
counters uses secon- 
dary emission to am- 
plify signals com- 
posed of _ electron — 
streams, initiated by 
illumination falling 
on the cathode. Reg- 
ulated anode _ volt- 
ages of 900 to 1250 


volts are required. 


laboratory service. High-voltage power supplies require? 
regulation plus adjustment; maximum voltages for) 
multiple-purpose instruments go up to 2500 and 50005 
volts. ; 

Four fields of use for nuclear instruments havey 
already developed into considerable production volume,) 
calling for redesign for production and lower cost¥ 
These fields are geological survey, protection of pert-j 
sonnel, defense against effects of atomic weapons, and? 
measurement of radioactive tracers. 

Instruments used in prospecting for radioactive raw 
materials usually are Geiger counters, battery powered] 
and indicating through headphones in the simplest] 
types. One of these instruments weighs only 1% Ib, 
measures 134 x 4 x 6 in., and sells for under $49. 
They are not intended for accurate measurement but 
rather to indicate general level of gamma radiation.) 
To increase their usefulness at accompanying increased § 
cost, such features as a neon indicator, rate metef, 
multiple ranges, and provisions for response to beta) 
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| SHARON’ HIGH CARBON STRIP STEEL GOES INTO 
) 20 MM. SHELL LINK 


Tue LINK represents one of those coils, is being used regularly on this 
tough little problems of engineering. job. For this application er 
The part is needed in millions. The rentable spring steel with excep- 
tolerances in manufacture are so tionally good forming qualities is 
exacting as to make it a precision used. The use of strip aids high 


production job. speed production. Big Sharon coils 


Sharon High Carbon Strip, fed from reduce ‘down time too. 


SHARON STEEL CORPORATION 
Shaw, Feemntyloaria 


DISTRICT SALES OFFICES: CHICAGO, ILL., CINCINNATI, ©., CLEVELAND, ©, DAYTON, “RDF: V- fe) bag aae 
O., DETROIT, MICH., INDIANAPOLIS, IND., MILWAUKEE, WIS., NEW YORK, N. Y., : 
PHILADELPHIA, PENNA., ROCHESTER, N. Y., LOS ANGELES, CALIF., SAN FRANCISCO, 
CALIF., MONTREAL, QUE., TORONTO, ONT 
For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Indianapolis 6 










radiation may be added. Major design problems are 
those associated with battery power, regulated d-c 
high voltage, protection against outdoor exposure, and 
sturdiness, particularly in the Geiger tube. 

One 5-range gamma survey meter using an ionization 
chamber has a meter scale changed by stepping the 
range switch. Range of the maximum setting is 10,000 
times the minimum range, and the meter is provided 
with built-in illumination. Ion chamber is hermetically 


ne ba 


¢ DEPENDABLE 


Y AGASTAT 


TRADE - MARK 


TIME DELAY RELAY 
PROTECTS BIG INDUSTRY PROCESSES 


Address inquiries to Special Products Division 
American Gas Accumulator Company 
1027 Newark Avenue, Elizabeth 3, New Jersey 


CAP SCREWS 


Caer Canes 
Tae Cm Cm LT 
High Cycle Wrenching 


Whether you use hand or power wrenches, 
uniform quality of Pheoll cap screws as- 
sures faster tightening, better thread contact 
and improved holding, either in tapped 
holes or with nuts. 

Pheoll Hexagon Head Cap Screws are 
available from stock in bright finish or 
high-carbon steel, heat-treated. Flat head 
and fillister head cap screws are carried 
in stock. Brass Cap Screws in hexagon, 
fiat and round head are also stock items. 
All cap screws supplied with coarse or 
fine threads. 


Let our field engineers help solve your 
industrial fastener problems. 


OTHER PHEOLL pRODUCTS 
INCLUDE ..- 

Machine Screws * Wood —_— 

Machine Nuts ° Stove Bo 

Tapping Screws ° Machine Bolts 

om ° Special Screws 


Geiger counter tube (top) developed by Victoreen Instru- 
ment Co., Cleveland, has an aluminum envelope less than 
4 in. long and a socketed base with a glass-to-metal seal. 
Boron-coated proportional counter tube (below) made by 
General Electric is sensitive to slow neutrons. Tube is 
about 10 in. long. 


sealed and the instrument itself is immersion-proof. 

\ wide range of instruments are involved in protec- 
tion of personnel in locations where radioactive materials 
are being produced or used. Monitors are stationed 
in areas subject to radiation, and portable types are 
carried by persons working in such areas. In addition, 
pen-size electrometers protect operators who may re- 
ceive a continuing low-level radiation which in time 
might reach a dangerous accumulation. 

Radioactive contamination on hands and feet is 
automatically measured and recorded on _ industrial 
monitors containing several Geiger tubes. This equip- 
ment is designed to check front and back of each hand 
and soles of the feet in one operation. Separate Geiger 
tubes at each check point feed their own counters for 
a fixed time period after the operator steps on the foot 
platform. The counters are read and reset when the 
next checking cycle is initiated. 

In one design, high voltage for the Geiger tubes is 
regulated to 0.02 per cent for changes in line voltage 
over the range of 95 to 135 volts. Voltage for each tube 
is separately adjustable, and an overvoltage relay if 
the power supply cuts off high-voltage power if voltage 
goes up enough to damage the Geiger tubes. Interlocks 
on access doors protect against electrical shock. 

Several types of radiation meters have been developed 
to detect radiation from atomic weapons. One illustrated 
earlier in the article is about the size of a hearing aid 
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FLAT OR INTRICATELY 
MOLDED PARTS 


(at ee 


Specify Macallen Mica for Electrical Insulation 


You can call for practically any prop- 
i erty or design to meet your individual 
y requirements when you specify Macal- 
len Mica. That is because Macallen 
Mica is available in so many different 
forms, each with special characteristics. 


There is silicone-bonded mica with 


od extreme heat resistance that permits use 
of at high Class H temperatures. Thin, 
n, flexible mica tapes that save space and 
-e- give maximum electrical protection. 
ne Glass cloth, cellophane, paper, silk, and 


other mica combinations that provide 
added physical strength or toughness. 
And of course there are all grades of 
molding, segment, flat punching, and 
heater mica plates. 


ial 


er 
for 
90t 
the 


WHATEVER YOU REQUIRE... 


ea INSULATION 


FLEXIBLE OR 
RIGID INSULATION 





Macallen enhances the outstanding 
basic properties of mica by building into 
it special characteristics for hundreds 
of electrical insulation applications. You 
can take advantage of Macallen’s abil- 
ity to process mica into nearly any 


shape or design. 


Uses for mica cover the entire mili- 
tary and civilian electrical and electronics 
fields, and include commutator seg- 
ments and rings, coil insulation, washers, 
spacers, tubes, and motor slot insulation. 


Whatever the property or design you 
require, specify Macallen Mica. Engi- 
neering aid gladly provided. Get in 
touch with your nearest IMC office 
now for more information. 





DAYTON 2 


120 W. Second St. 312 E. 


ibe Phone Michigan 1391 Phone 
MANUFACTURERS CORPORATION DETROIT 2 
in Harry R. Brethen 
e 15 Lawrence Ave. Phone 
: ‘CHICAGO 6 CLEVELAND 14 Phone TOwneond 8-2577 
CKS *MINNEAPOLIS 3 
ee MT: 1231 Superior Ave., N. E H. A. Holden, Inc. Ww. 
Phone Phone 1208 Harmon Place 101 





ped CE ntral 6-7320 
Local Stocks Available 
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SU perior 1- 2310 





Phone Geneva 5353 


MILWAUKEE 2 


PITTSBURGH 22 
535 Smithfield Street 


Phone 2-7786 


EXCEPTIONAL 
DIELECTRIC 
STRENGTH 


SUPERIOR 
CHEMICAL 
RESISTANCE 


EXCELLENT 
MOISTURE 
RESISTANCE 


ALL PROPERTIES 
RETAINED 
AT HIGH HEAT 





Free... 





A new series of product bul- 
letins on Macallen Mica has 
just been published. Full de- 
scriptions and technical data 
are given. Ask your nearest 


IMC office for free copies. 


Wisconsin Ave. 
DAly 8-5359 


GRant 1-7100 


PEORIA 
C. Johnson 
Heinz Court 





GARFIELD INSULATION FOR 
SUPERIOR 


ARC RESISTING 
CHARACTERISTICS 


@ Illustration shows typical Magnetic 
Starter part with 26 metal inserts molded- 
in:. . . 15 galvanized steel... 11 brass 
screw machine parts. 
+x For severe arcing conditions investigate Garfield 
high temperature, Cold Molded insulating materials. 
If you are designing or redesigning a product re- 
quiring heat or arc resistance Garfield engineers may 
have the economical answer. 


You can profit from our experience. The accu- 
mulation of over 40 years of Cold Molding know- 
how provides valuable cost-saving information not 
available from any other source. This knowledge 
together with close cooperation with your engineers 
may be the answer to a better product for you. 


7 ae 


@ Representative Magnetic Starter base ond cover 


GARFIELD M6. Co. 


CUSTOM MOLDING EXCLUSIVELY 
GARFIELD 1, NEW JERSEY 


The Registered Trade Mark that designates 


E 


a quality high temperature insulating 
material cold molded ... Since 1908 


COLD MOLDED INSULATION IS USED FOR: 


Switch Bases © Arc Chutes & Barriers © Relay Bases & Covers 

Appliance Parts © Panel Board Parts © Instrument Mountings 

Wiring Dovice Parts © Third Rail Insulators © Outlet Covers 
Insulators © and Many Other Important Electrical Components 
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or photographic exposure meter. The circuit uses a 
pair of electrometer tubes in a cathode-coupled balanced 
bridge feeding a d-c meter. Tubes are subminiature, 
and controls for setting zero are arranged for one-hand 
operation. 

Another type with a wider range of indication 
(ELECTRICAL MANUFACTURING, Aug. 1951, 
page 228) employs a subminiature Geiger tube with 
enough current output to operate the indicating instru- 
ment directly. Vibrator power pack operates from a 
pair of flashlight cells; a corona tube regulates high- 
voltage supply to the Geiger tube. This instrument 
weighs only 2 lb but is said to equal the performance 
of a previously used survey instrument weighing 24 Ib. 

Civilian Defense needs will no doubt be supplied 
by small inexpensive instruments such as these two, 
Quantities required will call for well-developed designs 
as well as substantial increases in the supply of some 
of the special components required. 

Instruments for measurements of radioactive tracers 
represent another field of growing importance. Many 
applications can be served by usual laboratory instru- 
ments, but increased use in medical, chemical and metal- 
lurgical fields will require specialized forms of detecting 
heads with standard power supplies, rate meters and 
scalers. 

Promised growth in this field comes from the sensi- 
tivity of this method—over a million times that of the 
best chemical methods. In addition, the technique 
can be used to follow a specific batch of atoms through 


End-window gamma scintillation counter produced by 
Nuclear Research & Development, Inc., St. Louis, incorpo- 
rates a photomultiplier tube, dropping resistors and a 
cathode-follower preamplifier circuit in a brass cylinder. 
Activated crystal is mounted in a polystyrene holder. 


complicated reactions. Radioisotopes may emit one or 
more of three different types of radiation—the type or 
combination being a fixed characteristic of the material. 
Since the character of the radiation is determined by 
the structure of the atoms, identity of the material is 
not lost in chemical or metallurgical processes. As these 
opportunities become better appreciated, instruments 
needed for tracer analysis will be required in increasing 
numbers. 

Along with the growing importance of radioactive 
materials has come a need for instruments designed for 
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The only 


miniature . +. where size and high rating 


4 come to terms with cost. 
snap switch 


Illustrated: ; 
Model BP, single-pole, double-throw, 15A., 
. 25 V. A.C, Overall length, 154" 
harassed engineers find the benefits of TyNISWITCH more 125 V. A.C. Overall length, 154 


welcome than ever. 


With the present-day cost squeeze coming from all directions, 


Now, new product designs can provide for high load 
switching in small spaces at even-lower cost than 
was previously possible. The simplified construc- 
tion principles, found only in TYNISWITCH, mean 
smooth, dependable performance without the 
need for costly, non-functional bulk. Under ex- 
haustive laboratory tests, TYNISWITCH has 
demonstrated consistent reliability at high operating 
speeds and over millions of cycles. 


TYNISWITCH is available in a variety of standard 
stock models — or new models can be developed 
¢conomically for your particular application. Write for 
complete details. Tyniswitch Division, 

The Sessions Clock Company, 102 East Main Street, 
Forestville, Connecticut. 
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EVER-LOK 


PLUGS, RECEPTACLES 
Teoma Lear) 8) 


Available in a complete Midget Line.. .ana 


many combinations from 10 to 200 am peres! 


Spring hinged, gasketed covers close receptacle 
when not in use. 


@Piated steel housings fully protect the contacts. 


© Adjustable Cord Grips eliminate strain on 
connections. 

© Contacts are precision-made, self-wiping, and 
self-aligning. 
Rigidly constructed, all interiors of molded arc- 
resisting composition. 
Heat-treated beryllium copper contacts and ter- 
minals . . . an advanced EVER-LOK feature. 
Compact design provides ample capacity, yet 
allows for easy wiring. 


WRITE FOR CATALOG EL49-12 


WR RUSSELL & STOLL COMPANY, INC, 


4 
125 BARCLAY STREET ° NEW YORK 7, WN. Y. 


cs 


MUAY a A IAP 


PRECISION-BUILT ELECTRICAL, EQUIPMENT—SINCE 1902 





Counter 
tube 


Proportional counter designed by Radiation Counter Lab- 
oratories. Inc.. Chicago, is 50 times as fast and 5 times 
as sensitive as a Geiger counter. Ionizing gas is methane 
at atmospheric pressure. Sample is placed directly in 
counter chamber to avoid losses caused by windows. As 
shown in block diagram, two power supplies are required; 
a zero-drain, regulated and adjustable high-voltage source 
supplies up to 5000 volts. 


instruction. Not many have yet appeared but the total 
requirements may well reach substantial levels. And the 


| needs of this field are sufficiently special to require 
| special equipment. 


instruments for instruction or demonstration will not 
require the level of sensitivity and precision required 


| for laboratory service. But they will require facilities 


for operating all of the standard types of ionization 
chambers, and means for responding to different types 
of radiation. Audible output through loudspeakers or 
provisions for connecting an oscilloscope will be needed 
for classroom use. One of the major design problems 
is to provide all the required functions at a low cost; 


| another problem is adequate protection from the high- 
| voltage circuits. 


New Radioactive Sources 
Radium and X-rays have been the principal sources 
of radiation used in the past for medical and metal- 
lurgical photography. Both sources are costly and 
limited in the type of radiation available. One of the 


| important developments in the field of atomic energy 
has been the production of standardized sources of 
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Straight Drive 


=k 


Positive Clutch 


—_ 


Cushion Clutch 


Right Angle | 


Straight Drive 


Right Angle « 
Cushion Clutch 


SCREW DRIVER 

ATTACHMENTS 

WITH MAGNETIC 
BIT HOLDER 


ERSIBLE a, ‘a 


— 


i aaialiaali HANDLES 


The diagram above indicates the remark- 
able versatility of Keller Tools, and the wide 
variety of arrangements and attachments 
which make them adaptable to so many uses. 


Equally important...these parts and 
attachments are QUICKLY OBTAINABLE 


% Compression 
3 _ Riveters 


Screw Drivers 
Air Hammers & Nut Setters 


KELLER TOOL COMPANY, 
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KELLER 
Cee SL i J resantcca tool 


WITH KELLER TOOLS YOU HAVE tue roots you NEED 


Straight Orive 
Positive Clutch 


Cushion Clutch 


Double End 
Cushion Clutch 
LLL LLL vs 
NUT SETTER 5 Cushion Clutch 
ATTACHMENTS i 
—ANGLE TYPE NUT SEtrep 


REVERSIBLE HANDLES 


(within the limitations of present-day produc- 
tion restrictions) to enable you to procure 
service parts and make adaptations with the 
least possible delay. 


Have you talked with your nearby Keller 
tool engineer, lately? 





GRAND HAVEN, 

















MICH. 


BRUSH HOLDERS 


A few of many unusual 
brush holder designs manu- 
factured by Phoenix during 
World War Ii. We did it 
before and we can do it 
again. 


FOR GOVERNMENT ORDERS 
MADE TO ANY SPECIFICATIONS 


No matter how unusual or compli- 
cated the specifications for brush 
holders on your government jobs 
Phoenix can give you prompt ser- 
vice, accurate workmanship and 
dependable quality. Our years of 
experience as the leading manufac- 
turers of brush holders for the elec- 
tric motor industry, plus World 
War II work on intricate, exacting 
government designs enables us to 
do the work quicker, better and at 
reasonable cost. Send prints for 
quotation today. 


STANDARDIZED CUSTOM SERVICE— 


Phoenix Molded Brush Holders are avail- 
able in a wide range of sizes, custom 
made from stock tools. The line covers 
all standard requirements for fractional 
horse power motors. Special designs and 
sizes will be quoted. Send for new illus- 
trated catalog just off the press. Simplifies 
ordering. 


PHOENIX ELECTRIC MFG. CO. 


711 West Lake Street ° Chicago 6, Illinois 


Reversible BARCOL Motor 


Drives Voltage Regulator 


Three-Wire Reversible 
Barcol Geared Motor 
drives tap changer in 
Allis-Chalmers JFR volt- 
age regulator. Motor is 
designed to operate com- 
pletely immersed in 
transformer oil over wide 
temperature range and 
under rapidly varying 
loads. 


Other Applications for Barcol Low- 


Inertia FAST-REVERSING Motors: 


e SERVO MECHANISMS 
e TELEVISION TUNERS 

e RADIO TUNERS 

e ANTENNA ROTATORS 
e RECORDER PEN DRIVES 
« X-RAY CONTROLS 

« PH CONTROLLERS 

¢ SHIPS’ LOGS 

e AIRCRAFT TRAINERS 


OTHER REVERSIBLE SHADED 
POLE MOTORS: 


With and without Gear 
Reductions. 


Enclosed and Open. 


Adaptable to 2-Phase 
power supply, capacitor 
operation and electronic 
control. 


Other Barco! Motors: Unidirectional, Synchronous, and 
Asynchronous; Geared and Non-Geared. Write for data. 


BARBER-COLMAN COMPANY e 


ROCKFORD, ILLINOIS 





radiation in large quantities in nuclear reactors. Two 
radioactive sources now available, cobalt-60 and tan- 
talum-182, produce as much gamma radiation as 2 lb of 
radium (the total world supply only a few years ago) 
and additional sources can be produced as needed. Sav- 
ings in cost of cobalt-60 compared with radium are 
dramatic : $50 will purchase enough cobalt-60 to do the 
work of $20,000 in radium. 

Exposure to large quantities of radiation is known 
to induce chemical changes in molecules. For example, 


Demonstration units represent another new field for 
nucleonic instruments. While designed for classroom 
demonstration of radiation process this instrument, pro- 
duced by Nuclear Research Corporation, Philadelphia, can 
also be used as an inexpensive laboratory monitor. It 
incorporates an adjustable 1000-volt supply and meter, 
Geiger counter tube, and a one-shot multivibrator circuit 
which drives a speaker and calibrated rate meter. 


a clear plastic has been polymerized by radiation with- 
out the use of heat, pressure or catalysts. New methods 
of preserving foods, increasing the rate of chemical 
processes, and dissipating electrostatic charges are 
promised. Each of these fields will call for instruments 
and equipment for controlling exposure and measuring 
exposure effects. 

Radioactive strontium-90 and ruthenium-106 have 
been used to replace x-rays as a radiation source in 
equipment for controlling the thickness of a continuously 
moving strip or web. With a constant source of radia- 
tion the amount absorbed by the material reduces the 
radiation received by an ionization chamber in propor- 
tion to the mass or weight per unit area. Measurements 
can be calibrated in terms of thickness and recorded or 
made to operate control equipment. 


For Further Information 


Technical literature on this field of nuclear instru- 
mentation is profuse, but for the most part in fields 
outside engineering design. A good starting point is 
the bibliography of 80 references at the end of the 
reference previously cited, “Isotopes and Their Applica- 
tion in the Field of Industrial Materials” by Paul C. 
Aebersold, ASTM Proceedings, Vol. 48, 1948. In 4 
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‘‘Cubee”’ offers you, in addition to completely 
modern manufacturing facilities, experience and 
th- know-how—for which there is no substitute. Here at O-B Says: 
ds Quinn-Berry, under one roof, we have all of the facili- ys 
cal ties necessary for producing your plastics parts — de- Don’t guess when you buy plastics 
are signing, die-making, engineering and molding. For ’Cause guessing doesn’t pay 
nts many years we have been working closely with varied To get the best by any test 
ng industries and manufacturers, designing and produc- Sunt cnlt “Cubes!” tallam:. 
_ ing difficult parts for them. The experience which we 
in have gained has become a valuable addition to the 
isly services we have available for you. The next time you 
fia- have a plastics problem, call ‘‘Cubee.”’ 
the QUINN-BERRY CORP. 
oF 2656 West 12th Street 
ents ERIE, PENNSYLVANIA 
1 or 
\ aN = 4 SF -| 
4) 
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it 18 
the 
lica- Branch Offices: 
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In a Detroit 2, Michigan Milwaukee 13, omenie East Sechacter - York deonhinn, fame 


one — Townsend 8-2577 Phone — Greenfield 6-7161 Phone — Hillside 2415-M Phone — Hilltop 7-034 
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Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
new process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive 


Present mold capacity: 2 ounces, 2 x 4 x 6” 


Your imquiries are invited. 


Dayton ROGERS 


MINNEAPOLIS 7, MINNESOTA 


cet HIGHER propuction rates 
Lower INSTALLED COSTS WITH 


BURNDY 


HYDENT CONNECTORS 


They're installed with a 
wide variety of simple, 
high-speed installation 
tools designed to your re- 
quirements. 


Bench-mounted, pneumatic 
Hypress, YIONCP — makes 
over 1,000 connections per 
hour; ideal for bench pro- 
duction. Accommodates 
conductors 22 thru 10, with 
single die set. 


Portable, 

pneumatic 

Polypress, Y8NA 

— light, aluminum alloy 
construction permits fast, 
fatique-free operation. 
Installs wide conductor 
range. 


BURNDY 


NEW YORK 54 NEW YORK 
Burady + New York 54, W.Y.; Burndy Canada Ltd., Toronto 8, Ont.; Western Branch: Vernon 58, Cal, 


FULL DETAILS — WRITE 
FOR HYDENT CATALOG 
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more recent bibliography, “Industrial Uses of Radio- 
active Materials” prepared by Arthur D. Little Inc., 
Cambridge, Mass., each reference is annotated. 

Much useful data has come out of the Technical 
Information Branch of the Atomic Energy Commission, 


Earlier applications of beta-ray thickness gages have been 
in connection with strip steel. The gaging head shown here 
is in a General Electric installation that continuously in- 
dicates and records the mass (weight per unit area) of 
paperboard. Radioactive source is Strontium 90; sensing 
unit is an ionization chamber. 


Oak Ridge, Tenn., including a “Radiation Instruments 
Catalogue” and supplements. NBS Circular 490, “‘The 
Geiger-Muller Counter,” obtained from the Super- 
intendent of Documents, Washington, includes informa- 
tion on the nature, construction and use of these tubes 
and associated equipment. 

Joint conferences on electronic instrumentation in 
nucleonics and medicine have been held by AIEE and 
IRE, and the proceedings of these conferences are 
helpful sources. 
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Design Trends 


(Continued from page 142) 


min, using a 12-watt heater. Coordination of tooth 
width and heating effect is necessary to insure that 
the resistor is not approaching its steady-state tempera- 
ture when the tooth movement is completed. If this 
precaution were not taken, a slight change in voltage 
or variation in manufacture would have a relatively 
great effect on the time required for the advance por- 
tion of a cycle (see dotted curve of Fig. 3). The ideal 
condition is that of Fig. 3, where only the relatively 
straight portion of the time-temperature curve of the 
bimetal strip is used. 

The cooling or “recovery” portion of the cycle 
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NOTE the wide ranges of this compact 
pocket-size instrument. Note controls— 
flush with panel. Then study the inside 
view. Nowhere will you find, in design 


and manufacturing quality, the equal 
of 666-R. 


Model 666-R 


A BASIC TOOL 


POCKET-SIZE: VOLT-OHM-MIL-AMMETER 
WITH SELF-CONTAINED RESISTANCE RANGES TO 3 MEGOHMS 


Il, Resistance Ranges from 0-3000 Ohms (.5 Ohm low reading) to 3 
Megohms, self-contained. Also A.C.-D.C. Volts to 5000, 10 ranges; and 3 
Direct Current ranges. 


2. Enclosed Selector Switeh, molded construction. Keeps dirt out, 
and retains contact alignment permanently. 


3. Unit Construction— Resistors, shunts, rectifier, batteries, are housed 
in a molded base integral with the switch. Direct connections without 


cabling. No chance for shorts. 


4. Resistors are precision film or wire-wound types, [Rei S RT Tome Satie te rel 
each in its own compartment. 


ONLY $26.50—at your Distributor 
Prices Subject to Change 


TRIPLETT ELECTRICAL INSTRUMENT ( BLUFFTON, OHIO 
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USES 
not 1 
not 2 
but 5 
ZIP-GRIPS* 


SEND FOR THIS 


ZIP-GRIP* 
Action 
Demonstrator 
-.and see why— 


zip-Grips* defy vibration, jolts, shocks 
.--"Do Not Loosen in Normal Service” 
says Reo Motors, Inc., makers of “Amer- 
ica’s Biggest Selling Power Mowers”. 


ZIP-GRIP* licks vibration and locks 
securely, without the use of lock nuts, 
wires, deformed or riveted threads and 
has no damaging effect on the tap hole 
or shaft. Proven on over 100 products. 


The demonstrator shows you how 
ZIP-GRIP’s* exclusive Contra-Thrust ac- 
© tion,together with Interference Fit,pro- 
p | vides this positive self-locking effect. 
ZIP-GRIP* is available in all materials, 
and all popular or special sizes. 
Along with your zip-crip* Action Dem- 
onstrator we will send you, without 
cost, an illustrated Data Sheet and an 
offer of Engineering Test Samples to 
help solve puzzling set screw applica- 
tions on your products. Write today 
for all these, without charge or obli- 
gation of any kind. 


*PAT. PEND. 5622 


Makers of 


- 
crew 
& ity. Co. 


112 Main St. Bartlett, Il. (Chicago suburb) 
We Specialize in Solving Puzzling Set Screw Problems 


ry 2 eae de FREE pnt end ees in _— = 
amt and f ddviss as 
Vee leer clans ail to ue Cob 
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(6)-Contacts have returned 


(a)-Intermediate 
to "on" position 


cooling point 


Fig 2—Resistor cools and bimetal strip slowly returns to 
original position, remaking resistor circuit. 





Temperature 








Time 


Fig. 3—Heating time is less than cooling time. 


longer than the heating portion. With the design pre- 
viously referred to, 10 min was needed for sufficient 
reduction in temperature to reconnect the heater. 
This design, therefore, required 12% min to advance 
a ratchet disk one tooth pitch. 

The motion described merely results in the turning 
of the wheel; obviously, the use of a cam with suitable 
contacts can be arranged for providing a series of 
sequences as desired. The simplest arrangement is that 
shown in Fig. 4. The auxiliary circuit is opened after a 
predetermined time, arranged by initial setting of the 
wheel. Opening of this circuit also opens the heater 
circuit, stopping all action of the timer. A typical 
application for such a timer would be turning off a 
radio set or an electric fan during the night. 

Mention has been made of the lack of accuracy 
inherent with the construction. Typical timing intervals 


--f£NALUl A G/f -------~ 
ao - - -- - fIIYINO ----------- 


Fig. 4—Cam provides typical arrangement for opening 
circuit at end of adjustable period. 
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Keep these points 
in mind, too, when 
you order Stainless 


Tell your supplier exactly where 
you'll use Stainless Steel and how 
you'll fabricate it. 

Minimize scrap losses at the mill 
by ordering the exact sizes you 
will use. 

Make full use of the steel you 


get by keeping down scrap losses 
in your shop. 
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What you can do to make 


AMERICAN STEEL & WIRE COMPANY, CLEVELAND - 
NATIONAL TUBE COMPANY, PITTSBURGH - 


STRIP - PLATES - BARS - 














Indicate acceptable alternates 
in composition and gage 
wherever possible 


@ To speed up deliveries of the Stain- 
less Steel you need, it’s important that 
you give your supplier as much latitude 
in filling your order as possible. That 
means specifying alternates in composi- 
tion, gage and even finish wherever 
you can. 


Alternate compositions are especially 
important. By government order, cer- 
tain alloys including nickel, molybde- 
num, columbium and titanium, have 
been restricted as to end use. But in 
many cases, you may be able to obtain 
an alternate grade that will fit your 
fabricating and service requirements. 


BILLETS - PIPE - 


COLUMBIA STEEL COMPANY, SAN FRANCISCO 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM > 


UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST ~- UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U°S°S STAINLESS STEEL 


SHEETS - TUBES - 


supply of Stainless Steel 


Familiarize yourself with government 
orders regarding the use of Stainless 
Steel and examine your requirements 
in light of these directives. If you need 
assistance in evaluating various grades, 
gages etc., our representative will be 
glad to help. 


LOOK AHEAD 

When ordering, anticipate your needs 
as far in advance as possible and advise 
the rate at which steel will be required. 
And, above all, turn in every pound of 
scrap to the mills as quickly as possible. 
It is needed urgently to keep new steel 
flowing to you. 









UNITED STATES STEEL COMPANY, PITTSBURGH 


WIRE - SPECIAL SECTIONS 





11-1188 


Electrolytic 


There’s a type Capacitors 


for every application... 


You give sound quality and long life to your 
audio equipment—tape recorders, amplifiers, 
intercoms, etc.—when you specify Sangamo 
Electrolytic Capacitors as standard com- 
ponents. Sangamo Electrolytics are manu- 
factured under carefully controlled conditions 
for protection against source contamination 
and to assure corrosion-free elements. 


There’s a type to meet your exact needs. 
Write for full information. 


Type MT_ wire lead 
dry electrolytics. Ideal 
for application in tight 
spots. Maintain uniform 
capacity when subjected 
to heat and high ripple 
currents. 


Type PL—«Twist-lock” 
electrolytics give long life 
and dependable perform- 
ance at 85° C. Twist- 
prong tabs provide for 
washer or direct chassis 
mounting. 


Type 13. Sangamo 
octal base electrolytics 
are the right choice for 
all applications where 


uick capacitor 
— required. 


roa, SANGAMO ELECTRIC COMPANY 


: SPRINGFIELD, ILLINOIS 


ee ro 


in Canada: Sangamo Company Limited, Leaside, Ontario 
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were recorded on 8 units, all presumably of the same 
construction, and all set for 6 hr. The intervals varied 
between 5 5/6 hr and 6 1/3 hr. 

Voltage change influences the heating time only. The 
final: temperatures at the instant of opening are 
practically the same regardless of the voltage, the 
system having the same amount of stored heat in each 
case. Hence, the long cooling cycle is unaffected by 
voltage change. An increase of twenty per cent in heat- 
ing time, due to reduced voltage, increases the total 
cycle time by only 4 per cent. OOO 


The Transistor Improved 


Minute power consumption and small size 

are features of amplifying device composed 

of positive layer of germanium sandwiched 
between two negative layers. 


RANSISTORS in their original form consist es- 

sentially of two hairthin wires resting on a tiny 
piece of germanium, a metallic semiconductor. They 
consume about 0.1 watt and have efficiencies up to ap- 
proximately 25 per cent. A new type of transistor re- 
cently developed at Bell Telephone Laboratories, New 
York, can be used with power inputs down to about 
1 microwatt, and has Class A efficiencies up to about 
48 per cent. The design consists of a thin electrically 
positive layer of germanium between two negative lay- 
ers. Though capable of operating with very low power, 
the junction-type transistor can be adapted to handle 


+ lita ata Micali SS 2 


ei, iis ee ow 


Accessibility of the Motorola 2-way mobile radio hous- 
ing has been increased by the addition of a new split 
housing that makes mounting possible in positions 
where the drawer-type housing could not be installed. 
Only about 1 in. front clearance is necessary for un 
locking the unit to remove the upper housing section. 
If front removal is easier, the chassis can be removed 
by drawer-action as with former housings. 
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Another development using 


B. F. Goodrich Chemical Company raw materials 


— geophysical cables on the truck 
are used to hunt for oil. Wires are 
connected to vibration detectors at reg- 
ular intervals. Charges are exploded un- 


derground and the results recorded on a’ 


seismograph instrument on the truck to 
determine the presence of oil. 


_ These geophysical cables are Geon 
jacketed and if there ever were a use that 
fitted Geon’s many advantages, it is this 
one! The cable is reeled out through 
underbrush, swamps, under water, over 
tocks or desert sand and up and down 
mountain sides. Because it is hauled and 
dragged over all kinds of terrain, it must 
be tough and abrasion-resistant, ready 


tor use over and over again. 


Ic must also be moisture and water 
proof and here again Geon comes through 
brilliantly. It must always be flexible, in 
ice-cold climates or tropical desert— 
another advantage of Geon polyvinyl 
materials. These cables must be brightly 
colored for coding and easy pickup in 
heavy brush. 

Geon takes any color well—and it 
“takes’ all kinds of punishment. For 
Geon materials resist heat, cold, weather 
and wear—gas, oil and many chemicals 
Geon’s many advantages make it ideal 
for scores of civilian and defense uses. 
Demand now exceeds supplies, but 


B. F. Goodrich Chemical Company 
does not make this cable. 
We subply only the raw materials 
for the insulation and jacketing. 

* 


Geophysical cable made by Vector 
Mfg. Co., Houston, Texas 


limited quantities are available for de- 
velopment work. For technical assist- 
ance, please write Department GE-9, 
B F Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
In Canada: Kitchener, Ontario Cable 
address? Goodchemco. 


GEON RESINS e GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials e HYCAR American rubber e GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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power consumptions up to 2 watts. 

The germanium element is in the form of a tiny rod 
encased in a hard plastics bead about 3/16 in. in 
diam. Three electrical connections corresponding to 
those in a triode are brought out through the bead. 
Input and output impedances are positive, regardless 
of which lead is grounded. By choosing appropriate 
connections, a variety of input and output impedances 
may be obtained. 

Whereas the average gain of the point-contact trans- 
istor is about 20 db, power gains of about 40 to 50 db 
have been obtained with the junction transistor. At 1000 
cps most of the new units measured thus far have a 
noise figure between 10 and 20 db; in the older type, 
noise figures range up to about 80 db. Although capaci- 
tance limits the frequency responce to a few kilocycles 
for full gain, suitable impedance mismatch makes pos- 
sible a flat response up to about 1 me with reduced gain. 

ooo 


Simulated “Hot Spot’ Control 


UTOMATIC protection of unattended power 
(distribution) transformers is provided in a new 
widing temperature control developed by General 
| Electric Co., Schenectady. This control automatically 
| starts cooling fans, oil pumps, alarms or other circuits in 
| a fixed sequence at predetermined temperature in- 
| dications. 


A thermally sensitive unit mounted on the back of 
an indicating instrument is inserted in a well in the 


transformer case placed below the minimum oil level 


and thus responds to oil temperature. In addition, a 
PAPE a heating element surrounding the well is supplied by a 


current transformer which adds heat in proportion to 


TUBES the current load on the power transformer. This 


Precision Paper Tubes are spiral-wound of 
finest dielectric Kraft, fish paper, cellulose 
acetate, or combinations to provide utmost 
dielectric strength. Then they’re die-formed 
under heat and pressure to insure high moisture 
resistance and tube uniformity. The result: 
especially efficient, strong, light coils that 
afford better heat dissipation, and help assure 
stability in the equipment in which they are 
employed. 


You can get Precision Paper Tubes in 
any size, ID, OD,. or lengths. Let us 
know your requirements and we’ll make 
up a sample for you. Write for our 
new Mandrel List of 1,000 sizes today. 


MCAANYU MteaM AU AM MURE | irearer fod by a current transformer supplies added hea 


2035 W. Charleston St., Chicago 47, Il (in proportion to load) around the thermometer well 
Plont #2: 79 Chapel St, Hartford, hha | below the oil level in this distribution transformer, sim- 
Also Mfrs. of Precision Bobbins ulating winding “hot spot” temperature. 
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(ADVERTISEMENT) 


POWDER 
METALLURGY 


PARTS SAVE MACHINING, CUT COSTS 
Adaptability of powder metallurgy 
processes to the die-forming of 
simple or intricate shapes to final 
dimensions has opened the way to 
substantial savings in the production 
costs of many types of machines and 
appliances. Close tolerances are 
maintained in “COMPO” and 
“POWDIRON” parts formed by 
powder metallurgy — without any 
need for expensive machining opera- 
tions either at the parts fabricator’s 
plant or during the assembly process. 
Incorporation of “COMPO” and 
“POWDIRON” parts in product 
designs eliminates metal waste in 
turning and boring operations, and 
frees manpower and machinery for 
other activities. 

Quantity-Economy Considerations 
Dies for the production of “COM- 
PO” and “POWDIRON” bearings 
are available in an extensive range 
of sizes, and most of the more widely 
used sizes of “COMPO” bearings 
are carried in stock. Since special 
sizes and shapes require special dies, 
the advantages of powder metallurgy 
for the production of such parts are 
particularly marked where quantity 
requirements are high. The initial 
cost of the die is then more than off- 
set by subsequent production econo- 
mies. 





Intricate shapes like these are readily die-formed 


to final dimensions from “COMPO” and “POW- 
DIRON.” 


Flexibility of Application 
“COMPO” and “POWDIRON” 
parts can be produced in a variety of 
compositions—with or without lubri- 
cant-retaining features—to meet dif- 
lerent engineering requirements. All 
are characterized by the same ready- 
to-assemble dimensional accuracy 
that keeps costs down on the pro- 
duction line. 


Information on “COMPO” and 
‘POWDIRON” bearings and parts 
for specific applications may be ob- 
tained from Bound Brook Oil-Less 
ne Company, Bound Brook, 


4%. 
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“LOOK! 





THE PARTS GO IN LIKE A BREEZE 
AND THE SIZE IS RIGHT eee 


~NO REAMING." 
io 


€, 


Low Installation Cost 


is one of the 6* outstanding advantages of 


“COMPO” and"POWDIRON: 


BEARINGS AND PARTS 


Powder metallurgy bearings and parts 
made of “COMPO” and “POWDIRON” 
are the right size when they reach you and 
the right size after they’re installed—no 
costly machining needed after installation! 
Bearings are quickly, easily installed by a 
simple press fit—usually eliminate need 
for oil holes or grooves. 


Stock sizes of “COMPO” bearings 
save you the most money—write on 
company letterhead for the latest list. 


Send for this FREE Booklet 






*THE 6 OUTSTANDING 
ADVANTAGES OF 


“COMPO” ano 
“ POWDIRON ” are: 










1. Low installation cost 
2. Extreme quietness 

3. Efficient lubrication 
4 


. Low operating and 
maintenance cost 
5. High load capacity at 
high speeds 
. Low unit cost 


ESTABLISHED 1883 






































































































































































































~ world’s 

largest 
assortment 
of standard 
moulds 


mechanical 
rubber parts 


« $mall 


SEE US BEFORE YOU DESIGN IT! 


Save money! Check our huge assortment 
of standard moulds — chances are we 
have just the mould you need. Lowest 
possible prices — fast, efficient service! 
Get our new 44 page catalog, today. 
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bbe. Company 


424 N. Wood St., Chicago 22, Ill. 
WRITE, WIRE, PHONE SPECIFICATIONS — TODAY! 


heating element is so designed that combined with 
oil temperature it gives a simulated “hot-spot” temper- 
ature for the windings. 

Hermetically sealed instrument case includes three 
snap switches to provide desired control operations 


16-mm Magnetic Recorder- 
Projector 


CA-VICTOR’s new “400” 16-mm magnetic-sound 
R recorder-projector utilizes a standard 16-mm film 
which incorporates along the edge a 100-mil-wide strip 
of magnetic oxide for the sound track. This stripe can 
be placed on the film before or after the picture has been 
filmed, and the sound magnetically recorded even ij 
film already contains an optically recorded sound track 
Frequency range is given as from 80 to 7200 cycles 
New projector is described as the first of its type com- 
mercially available. 

Magnetic record-and-playback head and optical-repro- 
duce head are both located behind sound drum, above 





and to the right of lower film sprocket (see illustration ). 
Erase head, providing for revision of magnetic record- 
ings, is shown to right of upper sprocket. Projector is 
adjustable for either magnetic or optical sound repro- 
duction by means of switch at right of lower sprocket. 


= 





A Correction 


ORK on the project which resulted in the one- 
WW coerater assembly line described in the feature 
article, “Miniaturized Amplifier Designed for Automatic 
Assembly” starting on page 88 in the August issue, was 
done under sponsorship of the Air Materiel Command (now 
Air Development Force, Wright Field). The fact that the 
project was under the direction of Yale Jacobs, Sylvania 
project engineer, on contract AF33(038)9350 was inad- 
vertently omitted in preparing the manuscript for publica- 
tion—Editor. 
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